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ABSTRACT
The purpose of this study was to investigate the link between students’ Mathematical
Creative Potential (MCP) and giftedness by analyzing their abilities to pose mathematical
problems. The participants included 260 gifted and non-gifted students from the 7th and 8th grades,
representing four schools and four school districts in Northwest Arkansas. The study developed
the Mathematical Creative Potential Scale (MCPS) to measure participant MCP. The MCPS is
based on a divergent-thinking technique consisting of five free-structured and semi-structured
situations. Students’ plausible problems were scored based on three dimensions of
creativity: fluency, flexibility, and originality. This study found that there were statistically
significant differences in gifted students’ performances on the MCPS related to the three
dimensions of creativity compared to performances of students who were not gifted. Furthermore,
this work illustrated differences in MCP between gifted and non-gifted students that manifest
through problem-posing. The findings of this study address the current dearth in scholarship
regarding the connection between MCP and giftedness.
Keywords: mathematical creative potential, problem-posing, gifted students, divergent thinking,
fluency, flexibility, originality.
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CHAPTER I: INTRODUCTION
“We are all naturally creative, and the need to create is a fundamental driving
force in human beings” (Gurteen, 1998, p. 7).
Creativity has become increasingly vital for progress in the 21st century and has
significantly contributed to society’s economic growth and well-being (Ferrari et al.,
2009).
Creativity is connected to the cognitive and informative abilities that use existing
knowledge, generate new ideas, and solve complex problems (Fugate et al., 2013). For over 50
years, the comprehensive review of creativity by Sternberg (1999) has defined creativity as
creating unique and valuable products (Mayer, 1999). In 1974, Ellis Paul Torrance developed the
Torrance Tests of Creative Thinking (TTCT) to measure creativity. Torrance’s work was
influenced by Guilford’s (1967) conceptualization of divergent thinking as the core of creativity
(Singer, 2018). Torrance’s definition of creativity included four mental characteristics: fluency,
flexibility, originality, and elaboration (Leikin, 2009; Singer, 2018; Sriraman & Haavold, 2017).
In 2011, Dr. Kim, an assistant professor at William and Mary’s School of Education, reviewed
nearly 300,000 scores on the TTCT, leading him to conclude that America was experiencing a
crisis of creativity among students of all ages and that scores had been gradually decreasing since
the 1990s (Kim, 2011). One possible explanation for this decline is the fact that creativity is
rarely a focus of public-school curricula (Bronson & Merryman, 2010). Another contemporary
literature review on developing creativity concluded that there is a need for educational
environments to embrace and develop creativity among students of all ages, redefining what it
means to be creative (Ferrari et al., 2009).
In response to the increasing awareness of the importance of creativity, several countries,
including the United Kingdom (UK), Brazil, China, Korea, and the Kingdom of Saudi Arabia
(KSA), have shifted their educational policies to add emphasis on creativity (Alencar et al.,
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2014). In the UK, the National Advisory Committee on Creative and Cultural Education
acknowledged that creativity is vital in preparing students for the future and should be
implemented in schools (Sriraman & Haavold, 2017). Likewise, the Brazilian National
Curriculum Parameters for 1997-1999 included creativity as an essential element for teaching
mathematics in schools (Alencar et al., 2014). Years later, in 2001, policymakers in China
emphasized the importance of fostering creativity in education, making it one of the top priorities
in relevant policy. In 2006, the conference for the Ministry of Science and Technology stated
that China is expected to become an increasingly innovation-oriented country (Vong, 2008).
Elsewhere, the Ministry of Education in Korea shared their goal to establish a country with a
significant deployment of modern sciences and technologies, which will only occur with
students’ creativity and giftedness (Meissner, 2012).
Similarly, since 1999, the KSA Ministry of Education has cooperated with several private
institutes to develop programs that support gifted students’ learning abilities and creativity
(Aljughaiman, 2011; Alqefari, 2010). These programs provide a learning environment
augmented by educational opportunities and creative activities directed toward individual
students’ interests and needs (Aljughaiman, 2011; Heller et al., 2000). Policies in Europe, South
America, Australia, and East Asia have recognized and placed emphasis on the benefits of
creativity in education (Shaheen, 2010).
Mathematical Creativity
Researchers have long perceived creativity as domain-general; though this view has
shifted to see creativity also as domain-specific (Baer, 2010; Singer, 2018; Singer &
Voica, 2015). Ju Ho Lee, the South Korean Minister of Education for Science and Technology,
during his speech at the 12th International Congress on Mathematical Education, stated that math
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is a very suitable subject for fostering creativity (Cho, 2015; Meissner, 2012). The nature of
mathematics lends itself to fostering creativity because creativity in mathematics is evident when
a new, productive concept is created, when an unfamiliar relationship is recognized, or when a
mathematical theory is restructured (Singer, 2018; Nadjafikhah et al., 2012).
Researchers agree on the importance of developing and strengthening students’
mathematical creativity in classrooms (Leikin, 2009; Sriraman, 2004). However, researchers
have not settled on a common definition for mathematical creativity. The definition that supports
the current study, and will be given considerably more treatment in Chapter II, defines
mathematical creativity as the process that leads to original solutions or the formation of new
questions from old ones (Pelczer & Rodríguez, 2011). This is also known as problem-posing.
Along with the lack of agreement among researchers regarding the best definition of
mathematical creativity, researchers also hold varying views on the best way to identify and
develop mathematical creativity. To further study this phenomenon, several scholars have
attempted to create tools to measure mathematical creativity by analyzing students’ problemsolving and/or problem-posing (Singer, 2018). In 1974, Balka devised the Creative Ability in
Mathematics Test (CAMT) to measure Mathematical Creative Potential (MCP). The CAMT
utilized problem-solving and problem-posing tasks that required divergent and convergent
thinking techniques. Some of the CMAT’s tasks were developed throughout the course of many
studies, such as those by Akgül and Kahveci (2016) and Mann (2009). More recently, in Turkey,
Akgül and Kahveci (2016) created the Mathematics Creativity Scale, which measures
mathematical creativity using divergent thinking based on logical thinking, special thinking, and
problem-posing. Lee et al. (2003) developed the Mathematical Creative Problem-Solving Ability
Test, which examined gifted and non-gifted middle school students’ divergent thinking
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techniques while solving and posing math problems. Gontijo (2007) developed the Creativity
Test in Mathematics to investigate the correlation between mathematical creativity, creativity in
general, and motivation. That instrument included three types of activities: problem-solving,
problem posing, and redefinition of elements. The above studies will be discussed in more detail
in Chapter II.
Although the literature varies on how best to measure mathematical creativity (Haase et
al., 2018; Mann, 2005), most studies rely on Torrance’s criteria of fluency, flexibility, and
originality to measure students’ mathematical creativity (Akgül & Kahveci, 2016; ALahmadi,
1999; Amalina et al., 2018; Arikan & Ünal, 2015; Balka, 1974; Bonotto & Dal Santo, 2015;
Gontijo, 2007; Lee et al., 2003; Mann, 2005; Singer et al., 2011; Singer et al., 2013). Moreover,
it is worth noting that many studies also utilize problem-solving as a primary technique to
measure mathematical creativity (ALahmadi, 1999; Arikan & Ünal, 2015; Balka, 1974; Gontijo,
2007; Lee et al., 2003; Singer, 2018), while less attention was given to problem-posing. This
observation concurs with Singer et al.’s (2013) opinion that posing problems still receives
insufficient attention from researchers in the field of mathematics.
According to Jensen (1973), problem-posing is composed of finding, sensing,
formulating, creating, and envisaging problems (Yuan & Sriraman, 2011). Problem-posing is
considered a crucial component in mathematical problem-solving tasks (Kilpatrick,1987) and a
form of creative activity in and of itself (Freudenthal, 1991; Silver, 1994). In fact, posing or
formulating problems may be more important than the solution itself (Jay & Perkins, 1997).
Recent studies have concluded that problem-posing is a beneficial means of promoting
mathematical creativity and identifying the characteristics of mathematical creativity (Akgül, &
Kahveci, 2016; Maharani, 2014; Jay & Perkins, 1997; Singer et al., 2011; Singer et al., 2013;
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Van Harpen & Sriraman, 2013). Therefore, measuring mathematical creativity by analyzing
student ability to pose mathematical questions or recreate given problems is an important
consideration (Jay & Perkins, 1997; Singer et al., 2013).
Mathematical Creativity and Giftedness
Mathematical creativity is also essential due to its connection to mathematical giftedness
(Kim et al., 2004; Kontoyianni et al., 2013; Leikin & Lev, 2007). More recent definitions have
broadened to include creativity as a critical criterion of giftedness (Robinson & Clinkenbeard,
1998), thereby increasing interest in the use of creativity assessments in the process of
identifying those who are gifted (Kaufman et al., 2012; Duane, 2014). Contemporary research
agrees that giftedness in mathematics includes the two key components of mathematical ability
and mathematical creativity (Bicknell, 2009 & 2008; Pitta- Pantazi et al., 2011). Researchers
believe that the development of mathematical creativity supports mathematical giftedness
(Kontoyianni et al., 2013; Mann, 2005), and they describe mathematically gifted students as
those who possess a high ability to think with a vivid memory to recall numbers and visual
images (Singer et al., 2016). Mathematically gifted students can also uniquely arrange several
mathematical principles, relations, and formulae (Heid, 1983; Leikin et al., 2014).
Statement of the Research Problem
Despite the plentiful evidence described above and in greater detail in Chapter II,
creativity has been given insufficient attention in the mathematical education community (Akay
& Boz, 2010; Singer et al., 2013). Though much research in development of instruments to
measure mathematical creativity has been already conducted, there are still calls for more
research on the indicators of mathematical creativity (Akay & Boz, 2010; Singer et al., 2013;
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Sriraman, 2013; Van Harpen & Dickman, 2014), and the development of reliable instruments for
the measurement of mathematical creativity (Arikan & Ünal, 2015; Sriraman & Haavold, 2017).
Considering the connection between creativity and giftedness is well-established in many
domains, it follows that explaining how mathematical creativity and giftedness support each
other requires further inquiry (Lekin, 2011; Singer, 2018; Sriraman & Haavold, 2017).
Research Purpose
This study examined the connection between Mathematical Creative Potential (MCP) and
giftedness by measuring and comparing these phenomena in gifted and non-gifted middle school
students. Given the call for additional measures of mathematical creativity, another goal of this
dissertation study was to develop a valid and reliable instrument to delineate the differences in
MCP by analyzing and comparing students’ problem posing abilities, based on the creative
thinking dimensions of fluency, flexibility, and originality.
Methodology
This quantitative study included 260 gifted and non-gifted students, from seventh and
eighth grade, representing four schools and four school districts in Northwest Arkansas. Student
participants were chosen from a sampling of the relevant classes in Northwest Arkansas during
spring semester 2020. The researcher developed the Mathematical Creative Potential Scale
(MCPS) to measure students’ MCP based on problem-posing (Appendix F). The MCPS included
five problem-posing situations that fall under free and semi-structured situations as defined by
Stoyanova and Ellerton (1996). These situations utilized the divergent thinking technique by
requiring the participants to generate as many problems as possible. The MCPS was examined
for validity and reliability by utilizing tests for content validity, internal consistency of the Scale,
Cohen’s Kappa Coefficient, and Cronbach's Alpha. The participants from both groups, gifted and
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non-gifted, were given 50 minutes to work individually on completion of the five MCPS
problem-posing tasks. The tasks were introduced to the students by means of one example that
was sent home, with consent forms, to give the participants sufficient time to understand the
problem-posing method. Also, participants were given the opportunity to review and discuss the
example at the beginning of the examination period. The students’ responses were evaluated by
the researcher qualitatively and quantitatively using a rubric (Appendix H) developed for this
study to facilitate response analysis based on the dimensions of fluency, flexibility, and
originality.
Significance of the Study
This study contributes to the existing body of knowledge by examining the link between
MCP and giftedness. Further, the researcher designed and contributes a framework for analyzing
and developing students’ MCP and giftedness. The results of this study help to fill the gap in the
existing literature linking mathematical creativity and giftedness. Furthermore, this study utilized
a comprehensive assemblage of existing literature to develop a valid and reliable scale
employing problem-posing to detect indicators of MCP in gifted and non-gifted middle school
students.
Analyzing responses to the MCPS supports teacher recognition of the differences
between gifted and non-gifted middle school students’ capacities for creating original ideas and
posing alternative mathematical questions. This, in turn, should precipitate instructional
differences in the classroom for the two groups that address specific students’ needs with
appropriate activities.
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Conceptual Framework
This study utilizes the theoretical lens of social constructivism, which views the learning
process as constructive, with students building new knowledge based on their previous learning
and experiences (Lim & Alam, n.d). Social constructivism stresses the importance of learning
that occurs through interactions between students and learning environments, either by learning
the content or through exchanges with teachers. According to Sing (1999), social constructivism
clarifies the dynamic relationship between teacher and student in the classroom; students should
actively construct their knowledge, rather than simply absorbing information delivered by their
teachers.
Constructivist Theory and Creativity
Social constructivism encourages learning environments that foster creativity and
problem-solving skills, as well as inspiring students to conduct self-exploration of different
resources that draw them into active participation (Lim & Alam, n.d). Most educators view
creativity as the synergy of different minds and an individual’s physical, social and/or
psychological environment. This interaction also gives rise to novel and useful ideas and clever
solutions to life situations (Kaufman & Kaufman, 2009).
Constructivist learning theories also shed light upon creativity (Truman 2011). According
to Truman, creativity and learning are both social in nature since students regularly interact with,
and are influenced by, others and their environment. Students construct their own meanings by
actively contributing within a field. Likewise, creative thoughts arise from the connection
between the creator, others, and surrounding environments. Prior experience is another
significant aspect shared by social constructivism and creativity. Constructive learning occurs
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when students relate new concepts and information to prior experiences. Finally, creative
thoughts are stimulated by previous situations and experiences.
Constructivist Theory and Mathematics Education
Constructivist theory has been utilized in the teaching of mathematics since the early
nineteenth century and has provided a basis for mathematics education reform efforts (Simon,
1995). In a constructivist environment, a math teacher’s role is to create more meaningful
learning by improving student curiosity about the world, encouraging questions and a search for
answers, and then nurturing student understanding of the world’s complexities.
For instance, a problem-solving approach provides in-depth understanding when
students construct knowledge as they research potential solutions to given problems (Nagel,
1999).
Research Questions
Though several researchers describe divergent thinking tests as a technique to measure
creativity, others stress that the divergent thinking tests are for estimating the potential for
creativity in individuals and not for testing creativity (Runco, 1986; Runco & Acar, 2012).
Therefore, this study, which aligns with the second group, will use the term Mathematical
Creative Potential (MCP) instead of mathematical creativity. The following are the research
questions that guided this study:
1. Are there statistically significant differences between gifted and non-gifted middle school
students in the types of problems posed on the MCPS (non-mathematical problems,
implausible mathematical problems, plausible mathematical problems with insufficient
information, and plausible mathematical problems with sufficient information)?
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2. Are there statistically significant differences between the scores of gifted and non-gifted
middle school students in the three dimensions of creativity (fluency, flexibility, and
originality) for the plausible mathematical problems with sufficient information?
3. Are there statistically significant differences in middle school students’ scores on the
MCPS based on giftedness, students’ gender, and the interaction between them?
4. Are students’ total scores on the MCPS and students’ gender significant predictors of
giftedness?
Study Terms
The following terms are defined as intended for use in this study:
•

Mathematical Creative Potential (MCP)
Mathematical Creative Potential is defined as a student’s ability to pose (write) different
mathematical problems from situations expressed within the study. It is measured by the
creative thinking dimensions of fluency, flexibility, and originality.

•

Problem-posing:
Problem-posing is defined as the ability to create mathematical problems or
recreate given problems from a stated mathematical situation.

•

Fluency Score:
A student’s fluency score is defined as the total number of plausible problems posed or
created by the student from situations specified in the study.

•

Flexibility Score:
A student’s flexibility score is defined as the total number of different categories
(math branches) that are represented in the student’s plausible problems.

•

Originality Score:
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The originality score is based on the frequency or rarity of a student’s responses as
compared to other student responses.
Summary
This chapter outlined the study rationale and identified the research questions that guided
the investigation. The current project expands upon previous efforts to identify the connections
between MCP and giftedness through measuring and comparing problem-posing for gifted and
non-gifted students. In Chapter II, a review of the existing literature regarding giftedness,
mathematical creativity, and problem-posing in relation to identifying MCP, is presented.
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CHAPTER II: LITERATURE REVIEW
Introduction
“To be creative, you have to be open to all alternatives'' (Vidal, 2004, p 413). This
chapter divides the literature review into six sections:
1. Section 1 defines “mathematical giftedness” and introduces some
characteristics of mathematically gifted students.
2. Section 2 defines “creativity” and discusses ways to nurture creativity
through challenges and educational practices.
3. Section 3 defines “mathematical creativity” and this study’s adaptation of
the Torrance Tests of Creative Thinking’s criteria of creativity
(TTCT): fluency, flexibility, and originality.
4. Section 4 unpacks the relationship between problem-posing and
Mathematical Creative potential (MCP) with specific attention given to
fluency, flexibility, and originality in problem-posing.
5. Section 5 discusses the use of divergent thinking tests as a technique to
assess creative potential and highlights debates about scoring these tests.
6. Section 6 discusses the research in measuring MCP that informed the
methodology for this dissertation study.
Mathematical Giftedness
According to The National Association for Gifted Children, gifted students are defined as
“children whose ability is significantly above the norm for their age.” Giftedness can be seen
in various domains, including art, leadership, or mathematics. During the late twentieth century,
Russian psychologist Krutetskii’s (1976) research focused on mathematical ability and inspired
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the current concept of mathematical giftedness (Al-Hroub, 2011; Bicknell, 2009). According to
Krutetskii, mathematical giftedness is defined as “the unique aggregate of mathematical
abilities that opens up the possibility of successful performance in mathematical activity”
(Bicknell, 2009, p. 63). Contemporary research delineates these mathematical abilities into two
crucial components: mathematical ability and mathematical creativity (Bicknell, 2009 & 2008;
Pitta-Pantazi et al., 2011 & 2013). This dissertation study focused entirely on mathematical
creativity, since examination of both components is outside the scope of this specific research
project.
Mathematically gifted students demonstrate some notable characteristics such as
cognitive ability, problem-solving and motivation, which have inspired researchers to study and
compare them. In a well-regarded study that spanned over 12 years, Krutetskii (1976)
found that mathematically gifted students exhibit an array of traits including an outstanding
ability to grasp formal structures, think logically, generalize broadly, and mentally process with
flexibility (Leikin et al., 2017). Mathematically gifted students demonstrate a high capacity for
vivid memory in recalling numbers and visual images (Singer et al., 2016). In addition, they can
uniquely arrange several mathematical principles, relations, and formulae (Heid, 1983; Leikin et
al., 2014). Furthermore, the ability to transfer mathematical reasoning to new
situations, analytical deductive ability, and inductive reasoning without prior preparation has
been attributed to mathematically gifted students (Deal, & Wismer, 2010; Trinter et al., 2015).
Garofalo (1993) observed that the ability to solve problems is one of the most remarkable
characteristics of mathematically gifted students. Problem-solving has long been recognized as
an essential component of mathematical competency that supports higher-thinking abilities such
as representation, abstraction, and generalization (Krawec, 2014; Sriraman, 2003). Studies have
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shown that gifted students often demonstrate proficiency for making
mathematical generalizations and thinking logically when solving problems (Heinze, 2005;
Leikin et al., 2014). Research has shown that mathematically gifted students verbalize and
explain their solutions while also tackling complex math problems correctly, accurately, and
faster than average students (Heid, 1983 & 2005). Mathematically gifted students are also able to
solve atypical mathematical problems rapidly and look for patterns and relationships (Singer,
et.al., 2016).
Krutetskii’s (1976) original conceptualization of mathematical giftedness, which
included the flexibility of mental processes and an ability to generalize mathematical material
has been expanded by numerous researchers. For example, Schoenfeld (1992) realized that gifted
students comprehend daily phenomena through mathematical languages and tend to selfregulate. Other studies have discussed and compared motivational characteristics and cognitive
ability between mathematically gifted and non-gifted students. Pajares (1996), who examined the
predictive and mediational role of self-efficacy beliefs on mathematically gifted students
problem-solving, found that gifted students reported greater self-efficacy for math and selfregulated learning and lower math anxiety than non-gifted students. Likewise, Hong and Aqui’s
(2004) study indicated that mathematically gifted students were perceived by scholars to have
high levels of mathematic ability and math self-efficacy and valued learning math more than
their non-gifted peers. In sum, although educators generally agree on some traits
of mathematically gifted students, there is no single universally accepted definition
of mathematical giftedness (Bicknell, 2009 & 2008; Keşan et al., 2010).
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Creativity
Since mathematical creativity is one of the two identified components of mathematical
giftedness, it is important to establish some background on creativity itself. Scholars hold
different perceptions of creativity and how to develop creativity. Some argue that children are
naturally creative (Pelczer & Rodríguez, 2011; Zeng et al., 2011), and their creativity
manifests when they play, dance, draw, or tell stories (Glăveanu, 2011). Other scholars argue
that children are creative in diverse ways (Runco, 1993) and they need their parents and
teachers to collaborate to foster and support their creativity (Chae, 2003). Despite these
differences, it appears that most researchers agree that fostering and developing creativity in
children should begin at an early age and schools should apply educational programs or activities
that promote students’ creativity (Chae, 2003).
Scholars also lack agreement on how creativity is defined (Fugate et al., 2013; Plucker et
al., 2004). This is sometimes attributed to the fact that creativity is a multifaceted and complex
ability, and the way creativity is defined largely depends on the research interests (Zeng et al.,
2011). One definition, advanced by Sternberg (1999), came out of a comprehensive, 50-year
review of creativity as domain-general. In his book, “The Handbook of Creativity,” he defines
creativity as the creation of unique and useful products (Mayer, 1999). (Fugate et al., 2013;
Plucker et al., 2004).
Researchers do largely agree on the validity of Rhodes’ (1961) 4Ps model of the four
components of Creativity: creative person, creative product, creative process, and press. (Singer,
2018; Tsai, 2012; Zeng et al., 2011). The Rhodes’ model makes a connection between the
differing definitions used to conceptualize creativity. Here, creative person indicates a person’s
use of their cognitive abilities, personality traits and motivation to produce a creative product.
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Creative product indicates an original and useful idea that is the result of a creative process.
Creative process indicates the procedure used by a person to produces a creative product.
And finally, press indicates the relationship between a person and the environment in which the I
creative product is produced (Singer, 2018).
Nurturing Creativity
To nurture creativity, learning environments should encourage students to use personal
experiences to promote curiosity, fantasy, and imagination (Stoltz et al., 2015). Educational
institutions are also expected to play vital roles in molding students into creative and critical
thinkers who will make the right decisions in various unexpected events and situations (Fard et
al., 2014). Several techniques and teaching methods can be implemented to help students become
creative and generate original ideas. Some of these techniques stimulate the cognitive process
that motivates creativity; others may develop attitudes or habits of mind that facilitate creativity.
Lin (2011) analyzed several studies that stressed the role of education in augmenting the creative
potential in every student. The results of Lin’s study indicate that the development of creativity
through education can be applied in three parts: (1) forming an innovative environment in
classrooms that support students' motivation; (2) nurturing creativity through teaching methods
that provide creative practices and involve enriched opportunities for students to solve problems;
(3) teachers promoting creative ideas and behaviors by being flexible and valuing independent
thinking (Lin, 2011). In each of these three parts educational practices are expected to serve as
catalysts for creativity within the school environment (Deverell & Moore, 2014). A
complementary work by Starko (2014) introduced three keys to implementing creativity in
classrooms: (1) discuss the lives and characteristics of creative individuals who might inspire
students. (2) Explain the nature of the creative process in the disciplines that students are
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studying. (3) Provide motivation, encouragement, and a safe place for risk-taking, solving
problems, and generating unique ideas. This means that teachers can ensure students’
engagement in the classroom through attention, interest, and curiosity while they are learning.
Such engagement results from teachers providing interactive instruction in ways that encourage
student creativity (Starko, 2014).
Mathematical Creativity
Enhancing student creativity has the potential to impact student achievement in all subjects and
has been shown particularly to impact students in mathematics (Alencar et al., 2014). Math
teachers may not be able to predict a student’s future problems, but they are still responsible for
preparing students and advancing creativity could be a key component to preparing for their
futures. As a result, classes should provide various activities that motivate students to creatively
use their knowledge and skills to solve and pose mathematical problems in multiple and novel
ways that support a more in-depth understanding (Singer, 2018).
Defining Mathematical Creativity
Even though developing and strengthening students’ mathematical creativity in
classroom environments is a vital component of a mathematics curriculum (Leikin, 2009;
Sriraman, 2004), it has been challenging to define mathematical creativity due to the wide
variety of delineations and characteristics (Mann, 2005; Pham, 2014). Mathematical creativity is
defined by Pelczer & Rodríguez (2011) as the process that leads to original solutions or
the formation of new questions from old ones. Mathematical creativity is also described as an
action where a student “processing information flexibly—switches from computation to visual to
symbolic to graphic representation as appropriate in solving problems; has original approaches to
problem-solving; reverses processes; strives for mathematical elegance and clarity in explaining
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reasoning” (Trinter et al., 2015, p. 26). Ervynck (1991) defined mathematical creativity as “the
ability to solve problems or to develop thinking in structures, taking into account the peculiar
logical-deductive nature of the discipline, and the fitness of the generated concepts to integrate
into the core of what is important in mathematics” (p. 47). Others perceive mathematical
creativity as a construct including “divergent and convergent thinking [problem-posing] and
problem-solving, self-expression, intrinsic motivation, a questioning attitude, and selfconfidence” (Runco, 1993, p. ix).
Operationalizing Mathematical Creativity
The framework for operationalizing and measuring creativity is primarily based on the
work of Torrance (1974). Torrance drew from the work of Guilford (1967) to develop divergent
thinking tests (Singer, 2018). Torrance outlined the assessment of creativity through four related
criteria: fluency, flexibility, originality, and elaboration (Leikin, 2009; Singer, 2018; Sriraman
& Haavold, 2017). Fluency refers to the individual’s continuities or quantity of ideas, while
flexibility relates to the individual’s ability to change ideas. Originality is assessed according to
the number of unique ideas or products produced, and elaboration is based on the individual’s
ability to describe, illuminate, and generalize ideas (Leikin, 2009; Singer, 2018).
Notably, in the field of mathematics education, researchers have focused specifically on
the components of fluency, flexibility and originality from the Torrance Test of Creative
Thinking when operationalizing and measuring MCP (Chesimet et al., 2016; Mann, 2005;
Singer, 2018; Singer et al. 2013). Researchers have also adapted Torrance's framework to
quantify and analyze students’ MCP using problem-solving and/or problem-posing approaches
(Singer, 2018). This study utilized a problem-posing approach and operationalized MCP using
the criteria of fluency, flexibility, and originality.
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Mathematical Creativity and Giftedness
There are many definitions of giftedness, yet no single definition reflects the extensive
variability among gifted students who diverge positively from the norm. Although educators may
use subtests of the Intelligence Quotient (IQ) test to identify gifted students in different age
groups, these tools might not be appropriate for younger students. Thus, some of the definitions
of giftedness have shifted away from determining student giftedness only by general IQ tests and
have broadened to include creativity as criteria of giftedness (Robinson & Clinkenbeard, 1998).
This change can be traced to the fact that studies have shown that creativity is one of the
noticeable characteristics of gifted students (Akgül & Kahveci, 2017; Runco, 2003).
Consequently, theories have encouraged the inclusion of creative assessments in the
identification of giftedness (Kaufman et al., 2012; Duane, 2014). Likewise, in the field of
mathematics, mathematical creativity is considered one of the fundamental aspects of identifying
and developing mathematical giftedness (Kontoyianni et al., 2013; Mann, 2005, 2006).
Educators are urged to utilize indicators of creativity in general and mathematical creativity to
identify giftedness among students of all ages (Akgül & Kahveci, 2017).
In more recent years, several studies have looked more closely at building learning
environments to develop MCP among gifted students with studies showing that teachers should
recognize, promote, and extend MCP in all students (Shriki, 2010). This occurs only when
students are involved in advanced activities that apply their mathematical curiosity (Shriki,
2010). Further investigation is needed to explore the link between the developing of MCP and
giftedness to help educators gain more insight into the MCP of students (Singer, 2018; Wadaani,
2015).
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Mathematical Creativity and Problem-Solving
Problem-solving and creativity are directly connected abilities, and this connection can be
demonstrated by the four steps of creativity identified by Guilford. The steps include first
identifying the problem, then forming various links between information, assessing this
information, and finally, forming a schema that includes solution strategies (Temiz, 2013).
According to Tandiseru (2015), unique opportunities that allow students to construct knowledge
through problem solving utilize new approaches, perspectives, and ways of understanding, and
enhance students’ creative thinking abilities.
Chamberlin and Moon consider mathematical creativity an unusual ability to create
innovative solutions to given problems using mathematical modeling (Shriki, 2010). Likewise,
Nadjafikhah and other scholars describe their perception of mathematical creativity linked to
problem-solving as “an ability to analyze a given problem from different perspectives, see
patterns, differences, and similarities, generate multiple ideas and choose a proper method to deal
with unfamiliar mathematical situations” (Nadjafikhah et al., 2012, p. 286). Researchers
emphasized the importance of using different problem-solving tasks to address critical
mathematical concepts in a new subject to foster mathematical creativity among all students. In
sum, classroom activities such as problem-solving provide unique opportunities for students to
construct their knowledge and interpretation that would lead to improving their MCP.
Mathematical Creativity and Problem-posing
Problem-Posing. Problem-posing is one of the crucial components of mathematical
problem-solving tasks (Kilpatrick, 1987). It can also be a form of the creative activity itself
(Freudenthal, 1991; Silver, 1994). According to Silver (1994), problem-posing can be either the
new problem creation or the reformulation of given problems. Problem-posing may be referred
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to as problem finding, problem sensing, problem formulating, creative problem-discovering,
problematizing, problem creating, and/or problem envisaging (Yuan & Sriraman, 2011).
Mathematicians view problem-posing as an opportunity to encourage students to think of realworld problems and then explore unusual ways to solve them (Bonotto, 2013; Fetterly, 2010).
A meta-analysis by Rosli et al. (2014), of 13 studies from diverse countries including
Turkey, Australia, Oman, China, and the United States (U.S), investigated the effectiveness of
using problem-posing activities, and the factors that might affect the integration of this method,
in the teaching and learning of mathematics. These studies examined a total of 1,038 students
from grades 3 to 12 and 278 preservice teachers. Some of these studies integrated problemposing activities using Stoyanova and Ellerton’s (1996) framework that included free structured,
semi-structured, and structured problem-posing situations. Rosli et al.’s (2014) analysis revealed
that problem-posing activities had a significant impact on student learning outcomes, specifically
knowledge-based, skill-based, ability-based, and attitude-beliefs.
Problem-posing was defined by Stoyanova and Ellerton (1996) as the process by
which students construct personal interpretations of existing situations and then formulate
meaningful mathematical problems from these situations (Yuan & Sriraman, 2011). Notably,
problem-posing can take place before, during or after a solution. Before problem-solving occurs
when generating problems from a story, a picture, a diagram, etc. During problem-solving occurs
when students change the goals of the problem and the condition. Finally, after problem-solving
occurs when the problem is applied to a new situation (Silver, 1994). Either way, mathematicians
agree that problem-posing is one of the essential aspects of mathematics education and
mathematical thinking (Bonotto, 2013; Silver, 1994).
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This study adopted the Stoyanova and Ellerton’s (1996) framework to construct The
Mathematical Creative Potential Scale (MCPS) based on both free structured and semi-structured
problem-posing situations. Furthermore, the problem-posing situations in MCPS took place
before the solution occurs, and the participants were not required to solve those problems as it
was not one of the study goals.
Mathematical Creativity and Problem-Posing. Traditionally, problem solving has been
a common way to study mathematical creativity (Pelczer & Rodríguez, 2011; Singer, 2018).
Researchers define mathematical creativity as a student’s ability to solve problems in multiple
ways (Jensen, 1973). Other researchers also understand mathematical creativity as a student’s
ability to generate as many questions as possible from a given situation (ALahmadi, 1999;
Bonotto & Dal Santo, 2015). The second group argues that the connection between problemposing and mathematical creativity is clear since many existing instruments for measuring
mathematical creative potential (MCP) require at least one problem-posing task along with other
problem-solving tasks (Silver, 1994; Balka, 1974; Akgül &Kahveci, 2016).
Problem-posing tasks are powerful tools in studying mathematical creativity and have a
positive impact on students’ abilities to solve word problems in the future (Bonotto & Dal Santo,
2015). Several studies found that students’ MCP is a likely link to their abilities to pose
mathematical questions on different given situations (Jensen,1973; Yuan & Sriraman, 2011;
Jay& Perkins,1997; Van Harpen & Sriraman, 2013; Singer & Voica, 2015). As a result of this
consideration researchers have investigated the connection between problem-posing and
creativity in general, Leung (1997) examined the relationship by comparing the characteristics of
each concept. The author concluded that students’ generation of new problems can be considered
a creative activity. Additionally, Yuan’s (2009) study revealed a significant relationship between
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Chinese students’ creativity in general and their problem-posing ability: a relationship lacking in
U.S. students.
Such findings motivated researchers to conduct further studies that assigned different
problem-posing tasks to measure students’ mathematical creativity by analyzing participants’
responses in terms of the three components of creativity: fluency, flexibility, and originality
(Kontorovich et al., 2011; Pelczer & Rodríguez, 2011; Van Harpen & Sriraman, 2013).
However, these studies did not report any statistical analyses that justified the selection of those
tasks or even ways used to indicate the validity and reliability of their tests. The lack of adequate
statistical evidence inspired this study. One purpose of this dissertation is to develop a scale with
sufficient validity and reliability analyses along with a comprehensive rubric to score
participants’ responses in terms of flexibility, fluency, and originality.
Operationalizing Creativity in Assessments
Though several researchers describe divergent thinking tests as a technique to measure
creativity, others stress that the divergent thinking tests are for estimating the potential for
creativity in individuals and not for testing creativity (Runco, 1986; Runco &Acar, 2012). This
study, which aligns with the second group, will use the term Mathematical Creative Potential
(MCP) instead of mathematical creativity.
Divergent Thinking and Creative Potential
Teachers are urged to measure students’ creative abilities by using one or more creativity
assessments when they recognize that a student possesses the ability to generate novel ideas and
has unique critical thinking skills (Davis, 2011). According to Hocevar (1981), creativity
assessments are usually classified into ten main elements, namely, “psychometric tools
[divergent thinking tests], personality inventories, attitude and interest batteries, biographical
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inventories, peer nominations, teacher nominations, supervisor ratings, judgments of
productions, eminence, and self-reported creative activities and achievements” (Zeng et al.,
2011, p.27). Each one of these assessments provides useful indicators of creative potential,
however, divergent thinking tests have prevailed, over decades, as the best technique (Runco,
1986; Runco & Acar, 2012).
Creativity involves two kinds of thinking: divergent thinking and convergent thinking
(Runco, 1993). Divergent thinking explores many unique ideas, while convergent thinking
connects those ideas to the best solution (Bronson & Merryman, 2010; Van Harpen, & Sriraman,
2013). Divergent thinking is the ability to produce numerous and distinct ideas. This ability can
be estimated with open-ended tasks and the responses from these tasks are scored for fluency
(number of responses), flexibility (number of distinct categories of response), and originality
(statistical infrequency) (Runco, 1986; Plucker et al., 2011). These tests also measure ideational
fluency (Plucker et al., 2011) and are useful for judging the quality of ideas and the processes
involved (Runco & Acar, 2012).
Comprehensive literature reviews show that there are several divergent thinking tests
such as Guilford’s Alternative Uses Task (1967), Wallace and Kogan (1965), and the Torrance
Tests of Creative Thinking (TTCT) (1974). The TTCT, which is based on the work of Guilford,
is widely used has been translated into 50 languages, and is the standard creativity assessment
tool (Bronson & Merryman, 2010; Plucker et al., 2011; Singer, 2018). The scale consists of
verbal and nonverbal subtests to measure abilities in fluency, flexibility, originality, and
elaboration (Davis, 2011). The TTCT can measure student creativity in either an individual or
group testing environment from kindergarten through adulthood (Kim, 2011). Divergent thinking
leads to original ideas and activities such as problem-posing that manifest this ability (Runco &
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Acar, 2012). The MCPS of this present study is a form of divergent thinking in assessments that
involve problem-posing.
Researchers that study creativity claim that divergent thinking tests are in use worldwide
as a technique for measuring creative potential in educational settings (Benedek et al., 2013;
Plucker, 1999; Plucker et al., 2011; Zeng et al., 2011; Silvia et al., 2008; Singer, 2018).
Scoring Divergent Thinking Tests
Despite global use of the divergent thinking tests to measure MCP, scoring methods have
been constantly debated regarding the validity of diverse techniques applied to scoring
originality (Benedek et al., 2013; Plucker et al., 2011; Silvia et al., 2008). According to Silvia et
al. (2008), the criticism has been directed at the validity of the traditional “statistical
infrequency” method of scoring originality, the most common way to score originality. For
instance, a response provided by more than 5-10 % of the study sample is usually considered a
non-original response; below 5-10 % is considered an original response. Thus, an originality
score is assigned by calculating the number of all original responses (Benedek et al., 2013).
Some researchers believe that this technique does not account for the appropriateness of
responses.
Another concern in scoring divergent thinking tests is the potential influence the fluency
score may have on the originality score. Some researchers claim that students with high fluency
scores have a better chance of achieving a high originality score (Plucker et al., 2011; Silvia,
2008; Silvia et al., 2008). In response to this concern, Plucker et al. (2011) compared six
different originality scoring techniques on two divergent thinking tests. First, the total number of
responses provided by less than 20% of the sample was used to determine statistical infrequency.
The originality score was then divided by the fluency score; scoring the first ten and last ten
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responses, external raters scored the first ten and last ten responses as well and results showed
that the percentage of originality score divided by fluency score could be a suitable technique to
control the influence of fluency on the originality score. However, the results also confirmed that
this technique lowers participants’ originality scores (Plucker et al., 2011).
In sum, a review of several divergent thinking tests concluded that “a creativity test
employing problems in a certain domain of interest will have better face validity and may be
more predictive of an individual’s creative potential in that specific field than a standard
assessment instrument” (Zeng et al., 2011, p35). Therefore, a need remains for the development
of creative instruments addressing specific fields.
This dissertation used the statistical infrequency method of scoring originality. However,
before scoring participants’ responses, to overcome this issue of fluency influence over
originality scores, these responses were evaluated using Bonotto’s (2013) method of response
assessment and by judging the responses related to plausible mathematical problems (Figure 3).
Also, the MCPS created for this study was scored by the researcher and another judge, and the
rubric was evaluated by three math experts.
Scoring Originality
A review of the studies working to develop instruments to measure MCP illustrate the
agreement of scoring fluency and flexibility but highlight a lack of agreement as to the best
technique to use to assign an originality score. For instance, Balka (1974) and Mann (2005)
assigned points for originality within the entire sample (Table 1) by means of categorizing
flexibility scores based on the frequencies of categories expressed (Balka, 1974). Elsewhere,
Yuan and Presmeg (2010), Yuan and Sriraman (2011), and Van Harpen and Sriraman (2013)
followed a similar scoring method; however, they did not consider a student’s response original
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if the same idea was provided by 10% or more other students within the entire sample (Table 2).
In contrast, other researchers assessed originality based on the frequency of the ideas, assigning
the highest scores to the rarest ideas. ALahmadi (1999) scored originality on a scale of 1 to 10
with 10 points for most originality and 1 point for the least (Table 3). Likewise, Akgul and
Kahveci (2016) arranged points from 9 to 0 for the whole sample without making a distinction
between gifted and non-gifted students (Table 4).

Table 1
Scoring of originality #1 (Balka, 1974)
Points
Category Expressed by the percentage of students’
responses
0

5% or more ----- (not original)

1

2% to 4.99

2

less than 2%

Table 2
Scoring of originality #2
(Yuan &Presmeg, 2010), (Yuan & Sriraman,2011), and (Van Harpen & Sriraman, 2013)
Points
Category Expressed by the percentage of students’
responses
0

10 % or more ----- (not original)

1

Less than 10 % ----- (original)
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Table 3
Scoring of originality #3 (ALahmadi, 1999)
Frequency of Ideas
Originality Score
1-9

10

10-19

9

20-29

8

30-39

7

40-49

6

50-59

5

60-69

4

70-79

3

80-89

2

90-99

1

Table 4
Scoring of originality #4 (Akgul & Kahveci, 2016)
Frequency of Ideas
Originality Score
1
9
2
8
3-4
7
5-8
6
9-16
5
17- 32
4
33-64
3
65-128
2
129-256
1
257- 445
0 (not original)

This dissertation uses the second method adopted by Yuan & Presmeg (2010), Yuan and
Sriraman (2011), and Van Harpen and Sriraman (2013). This method considers a response
unoriginal if provided by 10% or more of the participating students. In this study, this technique
is applied on all participants, gifted and non-gifted.
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Research on Measuring Mathematical Creative Potential
The following sections will be dedicated to discussing the studies that guide the present
study. These studies investigated MCP and problem-posing in different ways. There are four
types of studies reviewed here: Section1 discusses problem-posing and gifted students, Section 2
discusses problem-posing and MCP, Section 3 discuses MCP and gender differences, and
Section 4 discusses developing instruments of MCP involving problem-posing tasks.
For the sake of clarity, it is important to note that studies included in this chapter and the
following chapters vary in some terms. They referred to their instrument as either an instrument,
a test, or a scale. This current study used the term: scale. Also, some studies used the term
“measuring students’ mathematical creativity,” unlike the present research, which uses
“measuring students’ mathematical creative potential (MCP).” When referencing existing
studies, this dissertation will employ terms used by the original authors.
Problem-Posing and Gifted Students
Many researchers have confirmed the positive effects of using problem-posing in
different educational settings on gifted students’ performance. For example, Keşan et al. (2010)
and Arikan and Ünal’ study (2015) recommended using problem-posing tasks in the process of
identifying mathematically gifted students. Lee et al. (2016) suggested that gifted students
possess a higher ability to pose math problems than non-gifted students.
Keşan et al. (2010), applied an experimental study on the effect of problem-posing on the
development of the mathematical ability of eighth-grade students. Forty students from
Kazakhstan took pre- and post-tests to compare their mathematical abilities. In this study,
students worked on problem-posing tasks, which followed the Stoyanova and Ellerton’s (1996)
framework: free-structured, semi-structured, and structured situations. The results showed
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statistically significant differences between group averages in the mathematical ability test in
favor of the experimental group. Keşan et al. argued that using problem-posing is a helpful
technique to develop mathematical ability, and they recommended including such tasks in the
process of identifying mathematically gifted students.
Arikan and Ünal (2015) examined the effects of multiple problem-solving skills on
problem-posing. observing twenty gifted and 85 non-gifted students from seventh grade. The
researchers developed a survey containing problem-posing situations that were written as 12
multiple choice situations with 3 suggested mathematical questions to choose from. The survey
was assessed based on the correctness of participants’ responses; one point was awarded for
every correct response. Results found that gifted students showed more interest in constructing
and posing problems; unlike non-gifted students who faced difficulties. Arikan and Ünal
encouraged teachers to give students opportunities to construct and pose mathematical problems.
Also, they recommended future studies to develop instruments that included problem-posing
tasks to identify mathematical giftedness.
Recently, Lee et al. (2016) analyzed problems posed by elementary gifted students, who
participated in a program introducing Renzulli's enrichment model. Responses exhibited
different levels of students’ ability to formulate mathematical questions in terms of complexity
and relevance. Further, the results of analyzing fifteen open-ended problems depicted that gifted
student were able to produce high-quality solvable problems.
Problem-Posing and Mathematical Creative Potential (MCPS)
Another group of researchers (Yuan 2009; Singer et al., 2011 & Amalina et al., 2018)
employed problem-posing tasks to investigate indicators of MCP. These studies did not report
any statistical analyses to prove the validity of the selected problem-posing tasks.

31
Yuan’s (2009) comparative study examined the relationship between students’ creativity
in general and problem-posing. The study compared 30 American students and 99 Chinese
students’ scores on the TTCT with students’ scores on a problem-posing test. The problemposing tasks were adapted from Stoyanova and Ellerton's (1996) and Cai’s (2000) dissertations,
utilizing free-structured, semi-structured, and structured problem-posing situations. Participants
were required to use divergent thinking techniques while posing questions from these tasks.
Researchers assessed participants’ responses and the viable ones were combined to develop a
common rubric with different math categories (e.g., length, angles, …etc.). Interviewing students
who posted original math questions was another research method used to gain further
information about the differences in posing problems between the two groups. Responses were
analyzed in terms of viability and triviality. The viable responses from both comparable groups
were scored in terms of fluency and flexibility. For originality, each group’s responses were
analyzed separately by different rubrics according to their rareness. Yuan decided that a response
was not original if it was posed by 10% or more of the students in that group. The study shows a
significant relationship between students’ creativity in general and problem-posing in Chinese
high school students, but not in U.S. students.
Singer et al. (2011) analyzed the behavior of 220 Romanian students during the problemposing process and related that to mathematical creativity. The students were asked to pose two
problems, one easy and one difficult. A few days later, they were instructed to solve them. Forty
students were then interviewed.
Elsewhere, another more recent study by Amalina et al. (2018), focused on the influence
of student experiences on mathematical creativity as measured through problem-posing behavior.
Here, problems posed by 29 high school students in Surabaya, Indonesia were scored according
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to the three dimensions of creativity: fluency, flexibility, and originality. The students’ problemposing responses were ultimately categorized according to four levels of creativity: highly
creative, quite creative, not very creative, and not at all creative. The study concluded that
students’ mathematical experience influenced their problem-posing creativity.
Mathematical Creative Potential and Gender Differences
Other studies looked at MCP and gender differences (Evans, 1964; Prouse, 1964) and
came to the same conclusion’ that females showed more significant differences in their
mathematical creativity than males. Evans (1964) developed an instrument to measure the
mathematical creativity of 123 students from fifth through eighth grades. Responses were
evaluated in respect to the creative dimensions of fluency, flexibility, and originality. One of the
study’s goals was comparing the performance of participants regarding gender. The results show
that female students from seventh and eighth grades scored significantly higher in mathematical
creativity than males.
Similarly, the purpose of the Prouse (1964) study was to develop an instrument to test
mathematical creativity among seventh graders. Following that process, researchers investigated
the relationship of students’ responses on the instrument using academic variables. Results
showed a significant difference, in favor of females, in their mathematical creativity scores.
Developing Instruments of Mathematical Creative Potential Involving Problem-Posing Tasks
Mathematical Creative Potential (MCP) has been studied mainly by developing
instruments that utilize the divergent thinking technique. More specifically, this involves solving
a problem in multiple ways and/or posing as many questions as possible for a given situation
(Pelczer & Rodríguez, 2011). The studies by Balka (1974), ALahmadi (1999), Lee et al. (2003),
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Gontijo (2007), Mann (2009), and Akgül and Kahveci (2016) used problem-solving tasks with
only one problem-posing task in their instruments to obtain indicators of students’ MCP.
In 1974, Balka devised a novel instrument to measure mathematical creativity in middle
school students. Balka developed the Creative Ability in Mathematics Test (CAMT) and tested
500 students from grades six through eight. Balka collected 25 criteria known to measure
creativity that were used in various studies: Guilford (1959), Harris & Simberg (1959), Torrance
(1966), and Meeker (1969). Balka included exemplary mathematical problems under each one of
those criteria and consulted a panel of math experts regarding the appropriateness of the criteria
for measuring MCP. This process narrowed the criteria down to six, with 80 percent agreement
among the judges. Another group of experts determined the content validity of the CAMT drawn
from a pool of 4 to 8 items for each of the six criteria. A pilot study of 181 students followed to
select the five best items for the CAMT, requiring both divergent and convergent thinking
techniques. This group of researchers used some analyses to check the validity and reliability of
the instruments.
Balka developed a rubric to analyze participants’ responses to CAMT items. Responses
were awarded one point for each correct response of the convergent type, and responses on the
divergent type were scored according to Torrance’s Criteria of Creativity. For fluency, one point
was awarded for each relevant response. For flexibility, one point was awarded for each distinct
category of the relevant responses. For originality, frequencies of the categories gained from the
flexibility scores were expressed by the entire sample.
ALahmadi (1999) sought to develop a mathematical creativity instrument for high school
students by means of three forms. Each form consisted of three tasks. Two of these tasks were
from the TTCT, and the rest were mathematical situations. The study sample included 300 high
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school students in Saudi Arabia. The instrument required using the divergent thinking technique
to pose as many ideas and math questions as possible based on the information given. The test
pilot included 50 students checking validation and reliability criteria. The test questions were
reviewed by a panel of math experts, followed by computing the coefficient alpha. The students’
scores on the test were established based on fluency, indicated by the number of relevant
responses; flexibility, indicated by the number of different responses; and originality, determined
by the frequency of the ideas counted from the whole sample. Ten points were awarded for most
originality and 1 point for least. The present study reformulated two questions from ALahmadi’s
mathematical creativity test (S4 and S5)
Lee et al. (2003) developed the Mathematical Creative Problem-Solving Ability Test to
assess students’ creativity in solving problems. Four hundred and sixty-two Korean gifted and
non-gifted middle school students were asked to use their divergent thinking technique and solve
five open-ended problems in multiple ways. The test items were reformulated from previous
instruments developed by Becker and Shimada (1997), Haylock (1984), Kim et al. (1997), and
Song (1988). Participants’ responses were analyzed in terms of the creative dimensions: fluency,
flexibility, and originality. Fluency scored one point for every correct response. Flexibility
scored one point for every category made by the student. Originality was based on the rareness
of the responses calculated by the entire sample of gifted and non-gifted students.
Gontijo (2007) developed The Creativity Test in Mathematics to investigate the
correlation between mathematical creativity, creativity in general, and motivation. The study
sample consisted of 100 high school junior students in Brasilia-Brazil. The test was used to
assess students’ mathematic creativity, specifically their divergent thinking, according to three
criteria: problem-solving, problem formulation (problem-posing), and redefinition of elements.
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The test started with 15 items selected and reformulated from previous studies. After successive
testing, the 15 was narrowed to six items from Haylock (1985, 1987), Lee et al. (2003), Livne et
al. (1999), Silver and Cai (1996), and Vasconcelos (2002). The student's scores on the test were
established based on the number of relevant responses for fluency, number of categories
represented by the responses for flexibility, and relative rarity of categories from the whole
sample for originality. The researcher included one example for each item to help readers
understand the process of assessing the responses. The results showed statistically significant
differences in mathematical creativity in favor of male students compared to female students.
Recently, Mann (2009) adapted Balka’s instrument to obtain indicators of MCP in middle
school students utilizing the CAMT to explore the relationship between mathematical creativity
and five other independent variables: achievement in math, attitude towards mathematics, selfperception of creative ability, teacher’s perception of mathematical talent and creative ability,
and gender. The study used only CAMT items that assessed divergent thinking, as Mann
expressed the belief that convergent tasks seek only one correct solution, which would not help
determine creativity. The responses of 89 students on CAMT were scored by two raters and
assigned based on fluency, flexibility, and originality using Balka’s rubric. Within the regression
model used in this study, gender was one predictor of students’ performance on the CAMT.
Mann concluded that MCP could be identified using instruments that measure students’
divergent thinking when required to identify multiple and original problems in given situations.
Akgül and Kahveci (2016) developed The Mathematics Creativity Scale (MCS). The
study sample consisted of 297 middle-school students from grades five through eight in Turkey.
The MCS measured students’ mathematic creativity by focusing on the divergent thinking
technique according to three criteria: logical thinking, special thinking, and problem formatting
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(posing-problems). The scale consisted of five items. The researchers devised two items, and
three were selected from Balka (1974), Haylock (1987), and Olkun and Akkurt (2012). The
students’ mathematical creativity scores on MCS were established based on fluency, flexibility,
and originality. For fluency, one point was awarded for every relevant idea generated by the
student. Flexibility was scored with one point for every category of response. In terms of scoring
originality, Akgül and Kahveci followed Baykal (2009) by arranging points from nine to zero
without distinguishing between the groups of students (gifted and non-gifted). The results
showed that the MCS is suitable for measuring mathematic creativity for middle-school students
and appropriate for use as a tool to identify gifted students in mathematics.
Summary
It is possible to conclude that one of the challenges of identifying and measuring creativity is
the wide variety of definitions and characteristics; however, researchers have concurred that
divergent thinking tests constitute an effective technique that has been used globally to measure
creative potential. Divergent thinking is the ability to produce multiple and distinct ideas
(responses) from problems or situations. The framework of creativity is primarily based on
Torrance’s (1974) Work, which grounded his definition of creativity in the dimensions of
fluency, flexibility, originality, and elaboration. The definition of giftedness had shifted away
from identifying student giftedness only by general IQ tests, with the parameters expanded to
include creativity as an essential indicator of giftedness. Researchers recommended using
indicators from Mathematical Creative Potential (MCP) in the process of identifying gifted
students in mathematics (Arikan & Ünal, 2015; Keşan et al.,2010), which influenced this study
considerably.
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The works cited in this chapter highlight the considerable attention given to divergent
thinking tests, and the debate regarding the validity of using such tests—especially the methods
used to score originality. Critics claim that this technique does not account for the
appropriateness of responses. In contrast, proponents argue that a creative test that employs
problems in a particular field is more valid and predictive of an individual’s creative potential in
that field compared to divergent thinking tests that account for creative potential in general.
Responding to this claim, Balka (1974), ALahmadi (1999), Lee et al. (2003), Gontijo (2007),
Mann (2009), and Akgül and Kahveci (2016) have developed instruments to explore indicators
of MCP. A review found that MCP has been measured primarily with instruments that required
students to use the divergent thinking technique when solving problems in multiple ways and
analyzed the responses based on the three elements of creative dimensions.
Also emphasized in this chapter is the link between problem-posing and students’ MCP.
Scholars believe that posing or formulating a problem is a crucial aspect of creativity that could
be even more important than the solution itself. Problem-posing has been given insufficient
attention in the mathematics education community. Therefore, there is a need for developing
valid and reliable instruments that focus primarily on problem-posing and further our
understanding of the connection between mathematical creativity potential (MCP) and
giftedness.
The current study implemented the framework of Stoyanova and Ellerton (1996) to construct
the Mathematical Creative Potential scale (MCPS) and operationalizes MCP using three facets of
creativity: fluency, flexibility, and originality. The studies by Balka (1974), ALahmadi (1999),
Lee et al. (2003), Gontijo (2007), Mann (2009), and Akgül and Kahveci (2016) helped guide the
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definitions and operationalization of these facets. The next chapter will outline and detail the
research methods used to compare the gifted and non-gifted students’ MCP.
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CHAPTER III: RESEARCH METHODS
Introduction
The literature cited in Chapters I and II highlighted the links between giftedness, the
MCP, and problem-posing and outlined the rationale for this connection. This chapter describes
participants, data collection, and analysis procedure in detail. Also included in this chapter is a
discussion of the site selection and an explanation of the steps followed in developing the MCPS
and its scoring rubric.
As previously illustrated, Mathematical Creative Potential (MCP) and giftedness are
connected. However, more investigation is required to explain the relationship between these
facets of math education. Researchers have revealed that MCP manifests itself through problemposing (Dickman, 2014; Silver, 1994; Van Harpen & Sriraman, 2013), and they have
communicated the need for more studies addressing MCP measurement through problem-posing
(Van Harpen & Sriraman, 2013). This need inspired the current research. This study involved
260 students from Northwest Arkansas, divided into two groups: gifted and non-gifted. The
researcher used primarily quantitative research methods to address the research questions posed
and to investigate the link between MCP and giftedness. The study describes and compares
participant MCPs and giftedness or non-giftedness through analysis of student problem-posing.
To address these questions, the researcher developed the Mathematical Creative Potential
Scale (MCPS) to measure and compare students’ MCP’s according to the three dimensions of
creativity: fluency, flexibility, and originality (Appendix F). The MCPS consists of five free and
semi-structured situations as defined by Stoyanova and Ellerton (1996). The situations used in
the MCPS utilized the divergent thinking technique, which is a well-known technique for
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measuring creativity. In this study, the divergent thinking technique is expressed by posing as
many different questions as possible in response to the situations described in the MCPS.
Research Questions
The following research questions guided this study:
1. Are there statistically significant differences between gifted and non-gifted middle school
students in the types of problems posed on the MCPS (non-mathematical problems,
implausible mathematical problems, plausible mathematical problems with insufficient
information, and plausible mathematical problems with sufficient information)?
2. Are there statistically significant differences between the scores of gifted and non-gifted
middle school students in the three dimensions of creativity (fluency, flexibility, and
originality) for the plausible mathematical problems with sufficient information?
3. Are there statistically significant differences in middle school students’ scores on the
MCPS based on giftedness, students’ gender, and the interaction between them?
4. Are students’ total scores on the MCPS and students’ gender significant predictors of
giftedness?
Participant and Site Selection
The researcher made an application to the Institutional Review Board for the Protection
of Human Subjects (IRB) at the University of Arkansas to conduct the study at middle schools or
junior high schools in Northwest Arkansas (Appendix A). Upon receiving the IRB approval, the
researcher then submitted requests to administrators in various school districts and administrators
and teachers in middle and junior high schools across Northwest Arkansas.
Four schools agreed to participate in the study, and each school principal signed a
consent form (Appendix K). After the researcher obtained approval from the schools,
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participating students and their parents signed informed consent documents (in English or
Spanish), giving permission for inclusion in the study (Appendix J). The schools and students’
names were coded on the MCPS to ensure confidentiality. These codes were used for data input
and known only to the researcher. Personal, identifiable information was destroyed after the data
inputting process was completed.
Demographic and Academic Information
The study participants were 7th and 8th grade middle-school students from four of the
largest school districts in Northwest Arkansas.
School B is a public school, which serves 826 students in grades 7-8. With a studentteacher ratio of 13:1, the school is also ranked in the top 4 of 228 public schools in Arkansas, and
its mathematical proficiency score is 63% (out of 100%, 63% score at or above the national
rankings for mathematical proficiency). Of the total students, 50% are female and 50% are male.
School G is a public school, which serves 608 students in grades 7-8. With a studentteacher ratio of 10:1, the school is also ranked in the top 30% of all schools in Arkansas, and its
mathematical proficiency score is 42% (out of 100%, 42% score at or above the national
rankings for mathematical proficiency). Of the total students, 51% are female and 49% are male.
School R is a public school, which serves 9888 students in grades 6-8. With a studentteacher ratio of 10:1, the school is also ranked in the top 20% of all schools in Arkansas, and its
mathematical proficiency score is 56% (out of 100%, 56% score at or above the national
rankings for mathematical proficiency). Of the total students, 50% are female and 50% are male.
School S is a charter school, which serves 1,160 students in grades 6-12. With a studentteacher ratio of 10:1, the school is also ranked in the top 30% of all schools in Arkansas, and its
mathematical proficiency score is 45% (out of 100%, 45% score at or above the national
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rankings for mathematical proficiency). Of the total students, 47% are female and 53% are male.
Finally, of all the schools, Schools S and R had the largest respective percentages of gifted
students.
The sample included 260 gifted and non-gifted students that were volunteered by their
teachers for the study. To ensure adequate representation of gifted and non-gifted students, the
participants were largely drawn from their schools’ advanced mathematics classes during the
spring semester of 2020. Each student’s classification as gifted or non-gifted was determined by
the results of tests provided by their respective schools.
The 260 participants included 117 males (45%) and 143 females (55%). Of the gifted
students, 47% were males, and 53% were females. The non-gifted group included 70 males
(44%) and 90 females (56%). By grade level, 52% of the sample were 8th graders and 48% were
7th graders. The frequency distribution of categorical variables, as well as the mean and standard
deviations of age and MCP by giftedness type (gifted or non-gifted), are shown in Table 5 and 6.
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Table 5
Frequency Distribution of Gender, Grade Level, and Race by Giftedness Type
Gifted
Students
Non-gifted
Total Students
(n=100)
students (n=160)
(n=260)
Sample
n
n
n
Percent
Percent
Percent
Gender
Male
47
47%
70
44%
117
45%
Female
53
53%
90
56%
143
55%
Grade level
7th
8th

58
42

58%
42%

67
93

42%
58%

125
135

48%
52%

Race
White/Caucasian
Native American
Hispanic
African American
Asian
Native Hawaiian
Other Ethnicity

40
9
22
4
1
3
21

40%
9%
22%
4%
1%
3%
21%

59
19
52
6
2
6
16

37%
12%
33%
4%
1%
4%
10%

99
28
74
10
3
9
37

38%
11%
29%
4%
1%
4%
14%

Schools
B
G
R
S

16
13
28
43

16%
13%
28%
43%

27
32
43
58

17%
20%
27%
36%

43
45
71
101

17%
17%
27%
39%

Total
100
100%
160
260
Note. n = sample size, some of the percentages are not 100 because of rounding.

100%
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Table 6
Mean and Standard Deviation of Age and MCP by Giftedness Type
Gifted
Non-gifted
Students (n=100)
students (n=160)
Sample (n=260)
M
SD
M
SD
Age
12.92
0.76
13
.67
MCP
29.41
13.75
20.83
10.27

Total
M
12.97
24.13

SD
0.71
12.30

Note. n = sample size.

Developing the Study Instrument (MCPS)
The study scale underwent several developmental phases before administration to the
participants. The MCPS initially consisted of twelve free and semi-structured problem-posing
situations, S1 through S12 (Appendix B). After the first two pilot studies and short interviews
with a select number of participants, the items on the MCPS were narrowed down to five
situations, organized into two versions that included the same five situations in different orders
(Appendix F).
Due to time limitations, a clarifying example and the scale instructions were sent home
with parent consent forms to give students enough time to review the instructions. During the
administration of the MCPS, to avoid introducing a new instructor, the classroom teachers
volunteered to read the example and he MCPS instructions. After doing both, the teachers
administered the test. However, the researcher was continually present to answer any remaining
questions and observe the students during the test.
The participants in both groups were given five minutes to read the example and fifty
minutes to individually generate solvable mathematical problems for each of the five situations
presented on the MCPS. However, students were not required to solve the problems they posed.
Composing Scale Situations
The existing literature, cited in Chapter II, included multiple studies investigating student
problem-posing abilities in situations defined by Stoyanova and Ellerton (1996) as free, semi-
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structured, or structured (Arikan & Ünal, 2015; Bonotto, 2013; Yuan & Sriraman, 2011).
Stoyanova and Ellerton (1996) defined problem-posing as the process by which students
construct personal interpretations of existing situations and then formulate meaningful
mathematical problems from these situations (as cited in Yuan & Sriraman, 2011). A problemposing situation is classified as free-structured when students are asked to generate a
mathematical problem from a given naturalistic situation. Semi-structured problem-posing
situations employ an equation, photo, figure, or table to motivate students to explore and apply
previous mathematical knowledge and skills to pose problems. Lastly, structured problem-posing
situations are based on a specific problem (Yuan& Sriraman, 2011). The items that comprise the
MCPS are free-structured and semi-structured problem-posing situations only. Figures 1 and 2
are examples from the current study of these items.
Situation 1:
Below are 16 dots arranged with one centimeter between each dot, both horizontally and vertically.

-

Use your imagination and math skills to write as many questions as possible using these dots in some way.
Add any necessary math information to the situation that would help you create interesting and different

math questions. e.g. lines, figures, geometric shapes, and so forth.

Figure 1
Example of MCPS Free Structured Problem-Posing Situation
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Situation 2:
Write as many questions as possible using the integers/pattern below:

-

Use your imagination and math skills with the information above.

-

You can add any necessary math information to help you create interesting and different math questions, for
example: equations, patterns, statistics, and so forth.

Figure 2
Example of MCPS Semi-Structured Problem-Posing Situation
The situations used in the MCPS also utilized the divergent thinking technique, which is
a well-known technique for measuring creativity. In this study, the divergent thinking technique
is expressed by posing as many different questions as possible in response to the situations
described in the MCPS.
Psychometric Evaluation of the MCPS
The MCPS was thoroughly reviewed, and evidence of its validity was demonstrated
using content validity. In addition, the internal consistency and internal consistency reliability of
the scale items were demonstrated using correlation coefficients and Cronbach’s Alpha
Reliability (Cronbach, 1951; Guttman, 1945), and the degree of consistency among raters in this
study was assessed using Cohen’s Kappa Coefficient (Cohen, 1960, 1968). The following
sections detail the processes for determining content validity and internal consistency.
Content Validity. The twelve free and semi-structured problem-posing situations
initially included in the MCPS were reformulated from Akgul and Kahveci (2016), Alahmadi
(1999), Balka (1974), Cai (2012), Haylock (1987), Lee et al (2003), Livne and Milgram (2006),
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Silver and Cai (1996), and Stoyanova and Ellerton (1996) (Appendix C). After reformulating the
initial twelve situations to ensure that the items in the instrument produced the appropriate
measurements, the researcher conducted a content validity test of the MCPS, soliciting feedback
from sixteen mathematical experts including faculty members, graduate students, and teachers
from the USA and Saudi Arabia (KSA). The experts provided input on the instrument through an
open-ended questionnaire related to the appropriateness of selected situations in achieving the
goals of the current study.
Checks for content validity were employed to ensure that the language and grammar used
in the MCPS was suitable for the reading level of middle-school students. Ultimately, experts
were asked to rank the six most essential situations they thought would allow students to be
creative and pose as many questions as possible (Appendix B). Based on the experts’ responses
on the MCPS, the number of situations was narrowed to seven, with 85% agreement among
judges. Situations S1, S2, S5, S9, S10, S11, and S12 found in Appendix D, were the seven situations
selected. These seven situations served as the basis for the first of three pilot studies.
Pilot #1. The revised MCPS that was narrowed to seven situations was administered to
sixty gifted and non-gifted 6th and 7th grade students drawn from one of the largest middle
schools in Northwest Arkansas. These sixty students were asked to work for forty minutes on
their choice of five of the seven situations and were encouraged to choose the five situations they
thought most likely to motivate and inspire them to pose creative and challenging mathematical
questions.
As a result of this first pilot study, the number of situations was further reduced from
seven to five (S1, S5, S9, S11, and S12); the response time allotted to students was also increased to
fifty minutes. The 6th and 7th grade target groups were also changed to 7th and 8th grades since 6th
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graders demonstrated some difficulty understanding the concepts. Additionally, the MCPS
instructions were clarified: the phrase “pose problems” was changed to “write questions”. This
rephrasing was used to enable students to better grasp the intended meaning of the instructions
more clearly. Finally, the remaining five situations were recorded as S1, S2, S3, S4, and S5
(Appendix F & Table 7).
Table 7
MCPS Situation Sources
Situation
Application

Source

Situation 1

S1

Stoyanova and Ellerton (1996)

Situation 2

S2

Cai (2012)

Situation 3

S3

Researcher

Situation 4

S4

Alahmadi (1999)

Situation 5

S5

Alahmadi (1999)

Pilot #2. The second pilot study was conducted to ensure the efficacy of the changes
made to the MCPS following the first pilot. The researcher administered the revised version of
the MCPS with the clarified example to forty-nine gifted and non-gifted students from the 7th and
8th grades in early 2020. To ensure participants did not limit their own creativity by copying
ideas from the example, the example was also removed during the study. A brief, ten-minute,
single-session interview of fifteen volunteer participants from the groups also succeeded the
study.
This interview included open-ended questions about volunteers’ initial interest in
participation in the study. The goal of the interview was to gather more information about the
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MCPS regarding students’ understandings of the instructions, terms, and the attached example
(Appendix E). The fifteen students had time to review the interview questions before agreeing to
participate. Students shared their suggestions and the difficulties they encountered as they
worked through the situations.
The results of the second pilot study revealed that students tended to work on the first
three of the five situations, S1, S2, and S3, more than the last two, S4 and S5. Therefore, the items
on the MCPS were separated into two forms that included the same situations but in reverse
order, so that each situation theoretically had the same chance of being addressed.
Pilot #3. The goal of the last pilot study was to examine the MCPS’s reliability. Sixty-five
gifted and non-gifted students from 7th and 8th grades participated in this pilot to test the degree to
which the MCPS produced stable and consistent results. To achieve this goal the researcher used
the students’ scores on the MCPS to examine internal consistency using Cohens Kappa Coefficient
and Cronbach’s Alpha Reliability. Details regarding this process can be found in the following
section.
Internal Consistency. The researcher examined the internal consistency of each
dimension of the MCPS—fluency, flexibility, and originality—by computing the correlation
between the total scores on each dimension and each situation (S1, S2, S3, S4, S5). Furthermore,
the correlation between the overall scores on each dimension and scale scores was computed.
The results can be seen in Table 8.
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Table 8
Correlation between Fluency, Flexibility, and Originality Scores

Situation

Correlation

Correlation with

with Fluency

Flexibility

Correlation
with
Originality

Correlations between
Dimensions and Scale
Scores
Dimension

Correlation

S1

0.753*

0.729*

0.498*

fluency

0.972*

S2

0.817*

0.775*

0.591*

flexibility

0.952*

S3

0.725*

0.805*

0.742*

originality

0.840*

S4

0.803*

0.715*

0.611*

*

0.704*

0.664*

0.799
S5
Note. *p < 0.05

The correlations values for the relationship between fluency for each situation and total
fluency scores ranged from .725 to .817, indicating strong positive relationships between each
fluency situation and the total fluency score. These correlations were all significant at a
significance level (α) of .05. The relationships between the flexibility scores for each situation
and the total overall situations were significant at α = .05 level, with correlation coefficients
between .704 to .805. Likewise, the correlations between originality scores for each situation and
the total were significant at the α = .05 level, with correlation coefficients ranging from .498 to
.742. There was a strong positive relationship between dimensions and total scale score, with
correlations ranging from .840 to .972. These results suggest that fluency, flexibility, originality,
and the overall scale are internally consistent. This consistency supports the internal structure of
the scale and lends evidence of its validity.
Cronbach’s Alpha Coefficient of Internal Consistency Reliability was also utilized to
evaluate the reliability of MCPS items (situations). The data from the third pilot study was used
to compute the reliability measurement. As presented in Table 9, the overall scale and fluency
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dimensions were found to be highly reliable with Cronbach’s Alpha Coefficients of .895 and
.807, respectively.
Table 9
Alpha-Cronbach Coefficient Values
Dimensions
fluency
flexibility
originality
overall scale

Alpha Cronbach
Coefficient
0.807*
0.765*
0.640*
0.895*

Number of Items
5
5
5
15

The researcher also determined the consistency of the raters’ scores on the MCPS by
computing Cohen’s Kappa Coefficient. Cohen’s Kappa is a measure of raters’ agreement that
takes into consideration the expected degree of agreement that might occur by chance (Reynolds
& Livingston, 2012). The researcher and another scorer assigned scores to the different
situations. Ratings awarded were then used to compute the Cohen’s Kappa Coefficient, as
indicated in Table 10. Overall, the results indicate a high degree of agreement between the raters
across the four dimensions. The Cohen’s Kappa Coefficients on the fluency, flexibility,
originality, and the overall scale dimensions were .893, .791, .860, and .788, respectively.
Table 10
Cohen’s Kappa Values
Dimensions

Number of situations

Cohen's kappa Value

fluency

5

0.893*

flexibility

5

0.791*

originality

5

0.860*

overall scale

15

0.788*

After closely examining the pilot studies and determining the validity and reliability of the
MCPS, the study continued with the revised version of the instrument.
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Scoring the MCPS (Steps 1-3)
Students’ MCP results were determined by three scores based on fluency, flexibility, and
originality obtained from the MCPS. The fluency score was equal to the total number of
plausible mathematical problems submitted in response to the situations presented on the MCPS.
The total number of subcategories in the student’s plausible problems comprised the student’s
flexibility score. Finally, the originality score was determined by the frequency or rarity of a
student’s responses.
Step 1 Qualitative Methods (Bonotto, 2013)
In this step, the researcher followed Bonotto’s method (2013) for assessing the quality of
a student’s responses to the MCPS (Figure 3, Step 1). According to Bonotto (2013), plausible
mathematical problems with sufficient data are defined as problems that can be reasonably
solved with no discrepant information, and with respect to the conditions of the situation.
Plausible problems with insufficient data are problems that cannot be solved without more
information, even with respect to the conditions of the situation. Implausible problems are
problems that cannot be reasonably solved with respect to the information provided and the
conditions of the situation. Responses were eliminated if they were non-mathematical problems,
implausible mathematical problems, or plausible problems with insufficient information.
Examples of Eliminated Responses.
o Non-math questions
▪

Situation 4 (Salaries)
●

Why do CEOs earn more money than others?

● How long does it take to become a CEO?
● Can someone be demoted?
▪

Situation 5 (Schedules and Timeline):
●

How old is Olive?
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● Which grade is she in?
● What is she thinking of?
o A sentence/statement and not a question.
▪

Situation 4 (Salaries)
● CEO gets $15,000

▪

Situation 5 (Schedules and Timeline):
● Olive sleeps 5 hours

The total number of a student’s plausible mathematical problems with sufficient
information determined their fluency score. All responses of this type, gained from both gifted
and non-gifted groups, were recorded in a Microsoft Word document. Duplicates of any question
were not included in this list.
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Figure 3
Analysis of the Quality and Quantity of Problem-Posing Responses
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Step 2 Qualitative Methods (the Rubric)
The researcher manually categorized and combined all the plausible problems taken from
the MCPSs and combined them into the Word document to create a common rubric for both
groups: gifted and non-gifted (Figure 3, Step 2). The rubric was designed to generate a
reasonable tool for judging all responses as objectively as possible. Once the rubric was
determined to be viable, the researcher reviewed it three times, with three to four weeks between
reviews, to ensure that all 260 students’ plausible posed questions were divided into the
appropriate categories and subcategories. To minimize bias and further confirm the results, two
additional judges conducted reviews of this rubric on two separate occasions (Appendix H).
The rubric consisted of fifteen math categories (math branches), such as operations,
algebra, sets, geometry, probabilities, etc., with several subcategories (Appendix H, Table 11).
For example, one of the main categories in S3 is “properties of shapes,” with subcategories
including the type of angle, degree of angle, line symmetry, horizontal and vertical lines,
perpendicular, intersecting, parallel lines, etc.
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Table 11
Math Branch Categories
Number
Situations

Number of

of Main

Math Categories

Math

Math
Subcategories

categories
Numbers, Operations, Number Patterns, Algebra, Percentage,

S1

15

Ratios, Set, Probability, Statistics, Measurement, Geometry,

21

Graphs, Fractions, and Equations.
Numbers, a number line, Operations, Patterns, Equations,

S2

11

Fractions, Ratio, Percentage, Probability, Statistics, and Word

17

Problems.
Measurement, Properties of Shapes, Plane Geometry, Area of 2D
Shapes, Perimeter of 2D Shapes, A Cube, Coordinates, Graphs,

S3

14

Using a Linear Equation, Fraction of the Shapes, Percentage of
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the Shapes, Different Math Operations on the Number of Dots,
Word Problems, and Equation/ Function.

S4

9

Numbers, Operations, Fractions, Ratio, Percentage, Graphs,
Statistics, Word Problems, Pattern.

15

Time Units, Numbers, Operations, Fractions, Ratio, Percentage,

S5

10

Statistics, Adding/Replacing Activities, Unknown Numbers,

16

Graph.

Appendix H includes the study rubric with all the plausible problem responses that were
generated from the study sample of both gifted and non-gifted participants.
Step 3 Quantitative Methods
The researcher used Microsoft Excel to total scores in fluency, flexibility, and originality
on the five MCPS situations. This step facilitated the calculation of a student’s fluency,
flexibility, and originality scores. A student’s fluency score was equal to the total number of a
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student’s plausible mathematical problems with sufficient information. The total number of math
subcategories acquired from the student’s plausible problems comprised the student’s flexibility
score. The rubric was used to determine the math subcategories expressed by students and then
calculate their flexibility scores. The originality scores, based on the frequency or rarity of a
subcategory’s expression, were determined after the fluency and flexibility scores had been
calculated.
As described in Chapter II, this study adopted the statistical infrequency method of
scoring originality used by Yuan and Presmeg (2010), Yuan and Sriraman (2011), and Van
Harpen and Sriraman (2013). A student’s response was considered original if the math
subcategory expressed was expressed by less than 10 % of the study sample; a student’s response
was not considered original if the same idea was expressed by 10% or more of the students
within the sample (Table 12). In this method, a point of zero was awarded to the categories
represented by 10% or more of the same group. A point of 1 was assigned to the categories
represented by less than 10% of the same group. The originality score was calculated by
“multiplying each answer by its respective weight and then totaling the resulting products”
(Balka, 1974, p. 69).
Table 12
Scoring Originality
Subcategory Expressed by the Percentage of Students’
Points
responses
0

10 % or more = (10% <=)
Ex: %10, 27%...

1

Less than 10 %
Ex: 9%, 8%, %7…

Originality
Not Original
Original
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Example of Student Scores. (Hypothetical). Adam was one of the 260 students who
provided responses to MCPS Situation 3 (S3). An analysis of his responses proceeds as follows:
1. Adam generated six math questions on S3. The researcher followed Bonotto’s
(2013) method to assess the quality of these six questions (Figure 3, Step 1) and
found only four of Adam’s questions were plausible math problems relevant to S3.
Adam’s score for fluency in S3 equals four.
2. Subsequently, the subcategories relevant to the four plausible questions were
determined by the study rubric (Figure 3, Step 2). Adam provided four plausible
math questions, expressing two subcategories. Two of Adam’s questions were
related to “Types of Angles,” a subcategory of “Properties of Shapes,” and the
last two questions were related to “Drawing a Shape,” a subcategory of “Plane
Geometry.” (Figure 4 and Figure 5, Appendix H). From this data, the researcher
calculated that Adam’s score for flexibility in S3 equaled two.
3.

Thirty-five students, including Adam, posed similar or the same questions related
to the subcategory “Types of Angles.” When 35 was divided by the total number
of students, this percentage equaled 13.46%, representing more than 10% of study
participants. Thus, an originality point of zero was assigned for Adam in this
subcategory (Table 13).

4. However, only five students, including Adam, posed similar or the same questions
related to the subcategory. When 5 was divided by the total number of students,
this percentage equaled 1.92%, representing less than 10% of study participants.
Adam’s originality score equaled the total number of posed questions (two)
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multiplied by the questions’ respective weights (one). Thus, Adam’s originality
score for this question equaled two (Table 13).
Adam’s total score for S3 equaled four points for Flu3, two points for Flx3, and two points
for Orig3. The same steps were followed to calculate Adam’s scores on the remaining MCPS
situations (S1, S2, S4, and S5) to determine Adam’s total score of fluency, flexibility, and
originality (Table 12).

Figure 4
Properties of Shapes, Angles, Lines, etc.

Figure 5
Plane Geometry
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Table 13
Adam’s Originality score on S3 from MCPS (n=260)
Subcategories
Number of Participants
Expressed
Expressing the Same Subcategory
If 35 students out of 260 students
generate the same question on S3
related to “Types of Angles”
subcategory
If only 5 students out of 260
students generate the same
question on S3, related to the
“Drawing a Shape “subcategory

Properties of Shapes
-Types of Angles

Plane Geometry
-Drawing a Shape

Percent of
Participants

Originality
score

13.46 % > 10 %

0 point

1.92 % < 10 %
1 point

Table 14
Adam’s Scores on the MCP
situations

Fluency score

Flexibility score

Originality score

S1

Flu1

Flx1

Orig1

S2

Flu2

Flx2

Orig2

S3

4

2

2

S4

Flu4

Flx4

Orig4

S5

Flu5

Flx5

Orig5

Total

Flu1+ Flu2+ 4 + Flu4+ Flu5

Flx1+ Flx2+ 2 + Flx4+ Flx5

Orig1 + Orig2 + 1 + Orig4+ Orig5

Score

Data Analysis
Both descriptive and inferential statistics were used in this study to analyze the data and
draw conclusions. To provide details for the study sample, several measures of central tendency
and spread were used, including percentage, frequency, means, and standard deviation. Question
1 employed an independent samples t-test to determine the differences in types of responses
generated by gifted and non-gifted students on the MCPS. Possible response types included non-

61
mathematical problems, implausible mathematical problems, plausible mathematical problems
with insufficient information, and plausible mathematical problems with sufficient information.
An independent samples t-test was conducted to examine Question 2 to investigate the
differences between gifted and non-gifted participants in the three dimensions of creativity.
Question 3 was examined using a two-by-two factorial analysis of variance. This analysis
examined the differences in participant scores on the MCPS based on giftedness and gender and
the interactions between them. A binary logistics regression model was implemented to ascertain
whether a total score on the MCPS and gender suggested the likelihood that participants were
gifted, which addressed Question 4.
Summary
The study sought to investigate the link between Mathematical Creative Potential (MCP)
and giftedness by analyzing students’ problem-posing. The Mathematical Creative Potential
Scale (MCPS) was used to measure students’ MCP by scoring the three dimensions of creativity:
fluency, flexibility, and originality. The scoring process then required three steps: determining
the quality of participant responses, developing a study rubric, and calculating participant scores.
The researcher then used analysis statistics in Chapter 4 to analyze the data that was collected
and to draw conclusions.
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CHAPTER IV: RESULTS AND DATA ANALYSIS
The following research questions guided this study:
5. Are there statistically significant differences between gifted and non-gifted middle school
students in the types of problems posed on the MCPS (non-mathematical problems,
implausible mathematical problems, plausible mathematical problems with insufficient
information, and plausible mathematical problems with sufficient information)?
6. Are there statistically significant differences between the scores of gifted and non-gifted
middle school students in the three dimensions of creativity (fluency, flexibility, and
originality) for the plausible mathematical problems with sufficient information?
7. Are there statistically significant differences in middle school students’ scores on the
MCPS based on giftedness, students’ gender, and the interaction between them?
8. Are students’ total scores on the MCPS and students’ gender significant predictors of
giftedness?
Research Question 1
Are there statistically significant differences between gifted and non-gifted middle school
students in the types of problems posed on the MCPS? To test this question, an independent
samples t-test was used to determine if there were significant differences in the types of
problems posed by gifted and non-gifted students on the MCPS. Possible problem types included
non-mathematical problems, implausible mathematical problems, plausible mathematical
problems with insufficient information, and plausible mathematical problems with sufficient
information (Table 15).

63
Table 15
Gifted and Non-gifted Student Problems Posed on the MCPS by Type
Gifted
Non-gifted
Problem Type
Nonmathematical
Implausible

(n = 100)

(n = 160)

M

SD

M

SD

0.54

2.89

0.72

0.13

0.60

0.07

0.29

t(258)

p

Cohen’s d

95% CI

2.63

-0.51

.608

.07

[-.87, 0.51]

0.06

0.33

1.04

.302

.15

[-.06, 0.20]

0.23

0.63

-2.67

.008*

.33

[-.27, -.04]

5.69

4.47

.000*

.58

[2.11, 5.44]

Plausible with
insufficient
information
Mathematical
with sufficient
information

14.6
2

7.14

10.8
5

Note: *p < .05
Non-Mathematical Problems
An independent samples t-test was run to determine if there were differences in posing
non-mathematical problems between gifted and non-gifted middle school students. Based on the
non-directional independent samples t-test at α = .05, there was no evidence to reject the null
hypothesis that the average number of non-mathematical problems posed by gifted and nongifted students were equal, t(258) = - 0.51, p = .608. Thus, it was concluded that there was no
statistically significant difference in the number of non-mathematical problems between gifted
students (M = 0.54, SD = 2.89) and non-gifted students (M = 0.72, SD = 2.63). The 95%
confidence interval from -0.87 to 0.51 includes the value of 0, so it confirms that there were no
statistically significant differences between gifted and non-gifted students in posing problems
that were classified as non-mathematical.
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Implausible Mathematical Problems
An independent samples t-test was also conducted to determine if there were differences
in posing implausible mathematical problems between gifted and non-gifted middle school
students. Based on the non-directional independent samples t-test at α = .05, it was not possible
to reject the null hypothesis that the average number of implausible mathematical problems
posed by gifted and non-gifted students was equal, t(258) = 1.04, p = .302. Thus, it was
concluded that there was no statistically significant difference in the number of implausible
mathematical problems posed by gifted students (M = 0.13, SD = 0.60) and non-gifted students
(M = 0.06, SD = 0.33). The 95% confidence interval from -.06 to 0.20 includes the value of 0,
which confirms the conclusion that there were no statistically significant differences between
gifted and non-gifted students in posing problems that were classified as implausible
mathematical problems.
Plausible Mathematical Problems with Insufficient Information
A third independent samples t-test was run to determine if there were differences in
posing plausible mathematical problems with insufficient information between gifted and nongifted middle school students. Based on the non-directional independent samples t-test at α = .05,
the null hypothesis that the average number of plausible mathematical problems with insufficient
information posed by gifted and non-gifted students would be equal was rejected, t(258) = -2.67,
p = .008. Thus, it was concluded that the mean difference in plausible mathematical problems
with insufficient information was statistically significant, with gifted students (M = 0.07, SD =
0.29) posing a lower average number than non-gifted students (M = 0.23, SD = 0.63). The 95%
confidence interval did not include the value of 0, which concurs with the conclusion that gifted
middle school students in this population, on average, scored .27 to .04 points lower on their
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plausible mathematical problems with insufficient information compared to the non-gifted
students. The effect size of (d = .33) indicated a small effect of student giftedness on plausible
mathematical problems with insufficient information.
Mathematical Problems with Sufficient Information
A final independent samples t-test was run to determine if there were differences in
posing mathematical problems with sufficient information between gifted and non-gifted middle
school students. Based on the non-directional independent samples t-test at α = .05, the null
hypothesis was rejected that the average number of mathematical problems with sufficient
information posed by gifted and non-gifted students was equal, t(258) = 4.47, p < .001.
Therefore, it was possible to conclude that the average number of mathematical problems with
sufficient information posed by gifted students (M = 14.62, SD = 7.14) was statistically
significantly higher than the average of those posed by non-gifted students (M = 10.85, SD =
5.69). Also, the 95% confidence interval did not include the value of 0, which supports the
conclusion that gifted middle school students in this population on average scored 2.11 to 5.44
points higher on their mathematical problems with sufficient information compared to the
averages of the non-gifted students. The effect size (d = 0.58) indicated a moderate effect of
student giftedness on mathematical problems with sufficient information.
In summary, the independent-samples t-tests indicated no statistically significant
differences between gifted and non-gifted students in the average numbers of non-mathematical
problems or implausible mathematical problems generated. However, there were statistically
significant differences in the average number of plausible mathematical problems with
insufficient information posed by non-gifted students’ responses. Moreover, there were
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statistically significant differences in the average number of mathematical problems with
sufficient information posed by gifted students compared with non-gifted students’ responses.
Research Question 2
Are there statistically significant differences between the scores of gifted and non-gifted
middle school students in the three dimensions of creativity (fluency, flexibility, and originality)
for the plausible mathematical problems with sufficient information?
Descriptive statistics for students’ total scores on the dimensions of fluency, flexibility,
and originality are disaggregated by student type (gifted and non-gifted) and summarized in
Table 16. In terms of fluency, gifted students scored higher (M = 14.62, SD = 7.14) when
compared to non-gifted students (M =10.85, SD = 5.69). Gifted students also recorded higher
average scores for flexibility (M = 11.27, SD = 4.64) and originality (M = 3.52, SD = 2.87) than
non-gifted students (M = 8.28, SD = 3.74; M = 1.69, SD = 1.90).
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Table 16
Descriptive Statistics for Fluency, Flexibility and Originality Scores
Gifted
Non-gifted
Students (n = 100)
Dimensions

students (n = 160)

Min.

Max.

M

SD

Min.

Max.

M

SD

Fluency S1

0

10

2.73

1.72

0

7

1.98

1.38

Fluency S2

0

9

2.58

1.63

0

6

1.89

1.34

Fluency S3

0

14

3.86

2.77

0

12

2.84

2.23

Fluency S4

0

10

2.76

1.63

0

8

2.12

1.58

Fluency S5

0

10

2.69

1.58

0

8

2.03

1.38

Fluency Total

3

44

14.62

7.14

2

21

10.85

5.69

Flexibility S1

0

6

2.16

1.27

0

4

1.56

.98

Flexibility S2

0

5

2.13

1.19

0

6

1.61

1.06

Flexibility S3

0

10

2.82

1.96

0

6

2.01

1.34

Flexibility S4

0

5

2.17

1.04

0

4

1.63

.99

Flexibility S5

0

5

1.99

1.00

0

4

1.48

.86

Flexibility Total

3

23

11.27

4.64

2

22

8.28

3.74

Originality S1

0

4

0.70

.91

0

3

0.31

.60

Originality S2

0

3

0.42

.62

0

5

0.34

.68

Originality S3

0

9

1.34

1.82

0

4

0.42

.75

Originality S4

0

6

0.39

.89

0

2

0.20

.47

Originality S5

0

5

0.67

.90

0

6

0.43

.76

Originality Total

0

15

3.52

2.87

0

16

1.69

1.90

To answer this research question and determine if there were statistically significant
differences between the scores of gifted and non-gifted students for fluency, flexibility, and
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originality, an independent samples t-test was conducted to compare the means of the
two independent groups (Table 17).
Table 17
Analysis of Gifted and Non-gifted Students’ Scores for Fluency, Flexibility, and Originality
Gifted
Non-gifted
(n=100)
Dimension

(n=160)

M

SD

M

SD

t(258)

p

Cohen’s d

95% CI

Fluency

14.62

7.14

10.85

5.69

4.47

.000*

0.58

[2.11; 5.44]

Flexibility

11.27

4.64

8.28

3.74

5.44

.000*

0.71

[1.90; 4.07]

Originality

3.52

2.87

1.69

1.90

5.64

.000*

0.75

[1.19; 2.47]

Note: *p < .05.

Fluency
An independent samples t-test was conducted to compare the means of the fluency scores
between gifted and non-gifted middle school students. Based on the non-directional independent
samples t-test at α = .05, the null hypothesis was rejected that the average of fluency scores for
gifted and non-gifted students was equal, t(258) = 4.47, p < .001. Therefore, the average fluency
scores for gifted students (M = 14.62, SD = 7.14) was statistically significantly higher than the
average fluency scores for non-gifted students (M = 10.85, SD = 5.69). Further, the 95%
confidence interval did not include the value of 0, suggesting that gifted middle school students
in this population, on average, score 2.11 to 5.44 points higher on their fluency scores compared
to non-gifted students. This confidence interval agrees with the conclusion that there were
statistically significant differences in fluency scores between gifted and non-gifted students. The
effect size (d = 0.58) indicated a moderate effect of giftedness on fluency scores.
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Flexibility
Likewise, an independent samples t-test was conducted to compare the means of the
flexibility scores between gifted and non-gifted middle school students. Based on the nondirectional independent samples t-test at α = .05, the null hypothesis was rejected t(258) = 5.44,
p < .001. Therefore, it was concluded that the average flexibility scores for gifted students (M =
11.27, SD = 4.64) were statistically significantly higher than the average flexibility scores for
non-gifted students (M = 8.28, SD = 3.74). In addition, the 95% confidence interval did not
include the value of 0, suggesting that gifted middle school students in this population, on
average, scored 1.90 to 4.07 points higher on their flexibility scores compared to the non-gifted
students. This confidence interval agreed with the conclusion that there were statistically
significant differences in the flexibility scores between gifted and non-gifted students. The effect
size (d = 0.71) indicated a moderate to large effect of giftedness on flexibility scores.
Originality
A third independent samples t-test was conducted to compare the means of originality
scores between gifted and non-gifted middle school students. Based on the non-directional
independent samples t-test at α = .05, the null hypothesis was rejected that the average originality
scores for gifted and non-gifted students was equal, t(258) = 5.64, p < .001. Therefore, the
average originality scores for gifted students (M = 3.52, SD = 2.87) were statistically
significantly higher than the average originality scores for non-gifted students (M = 1.69, SD =
1.90). Further, the 95% confidence interval did not include the value of 0, suggesting that gifted
middle school students in this population, on average, scored 1.19 to 2.47 points higher on their
originality scores compared to non-gifted students. This confidence interval corresponds with the
conclusion that there were statistically significant differences in the originality scores between
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gifted and non-gifted students. The effect size (d = 0.75) indicated a large effect of giftedness on
originality scores.
Overall, this study suggests that there were statistically significant differences in gifted
students’ performance on the MCPS on the three dimensions of mathematical creative potential
(MCP) compared to non-gifted students.
Research Question 3
Are there statistically significant differences in middle school students’ scores on the MCPS
based on giftedness, students’ gender, and the interaction between them?
To answer this question, a factorial analysis of variance (A two-way ANOVA) was
conducted. Students’ scores on the MCPS were examined using a 2 (students’ type: gifted- nongifted) by 2 (gender: male- female) factorial analysis of variance. The means and standard
deviations for MCPS as functions of the two factors are presented in Table 19 and the results of
the factorial analysis are presented in Table 20.
Table 19
Distribution of Giftedness and Gender
M

SD

Gifted (n = 100)

29.41

13.75

Non-gifted (n = 160)

20.83

10.28

Male (n = 117)

20.85

10.24

Female (n = 143)

26.80

13.43

Student Type

Student Gender
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Table 20
Model of Students’ Scores on MCPS by Giftedness and Gender
Sum of
Mean
Sources of Variance
Squares
df
squares

F

P

Type (Gifted)

4463.54

1

4463.54

35.10

0.000*

Gender (Female)

2858.64

1

2858.64

22.48

0.000*

Type * Gender Interaction

465.38

1

465.38

3.66

0.057

Error

32558.74

256

127.18

Total
Note: *p < .05

191397.00

260

The results indicate that there was a statistically significant main effect for giftedness as
gifted students (M = 29.41, SD = 13.75) tended to have higher scores in the MCPS than nongifted students (M = 20.83, SD = 10.28); F(1,256) = 35.10, p < .001. Likewise, the main effect
for student gender suggested that female students (M = 26.80, SD = 13.43) tended to have
significantly higher scores on the MCPS than male students (M = 20.85, SD = 10.24); F(1, 256)
= 22.48, p < .001. The two-way ANOVA indicated no significant interaction between giftedness
and gender on students’ scores in MCPS; F(1, 256) = 3.66, p = 0.057 (Figure 6).

Figure 6.
Graphical Representation of the Association between Student Type and Gender
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In summary, the results indicated that gifted students tended to have significantly higher
scores on the MCPS than non-gifted students. Also, female students tended to have significantly
higher scores on the MCPS than males.
Research Question 4
Are students’ total scores on the MCPS and students’ gender significant predictors of
giftedness?
To answer this question, a binary logistic regression model was conducted to ascertain
whether a student’s total score on the MCPS and gender significantly predicted the likelihood
that participants were gifted versus not gifted. Table 21 shows the results of Omnibus tests of
model coefficients in all its three steps (Step- Model- Block).
Table 21
Indicators of The Binary Logistic Regression Model
Omnibus Tests
Chi-square
Step
1

df

P

34.33

2

.000*

Block

34.33

2

.000*

Model

34.33

2

.000*

Hosmer and Lemeshow Test

5.51

8

.702

Step

Initial -2 Log-likelihood

346.47

-2 Log likelihood

312.14

Classification: Gifted and Non-gifted

70.0%

Note: *p < .05
Results showed that the logistic regression model was statistically significant, χ2(2) = 34.33,
p < .001; indicating that there was a statistically significant correlation between the independent
variables (total student score on the MCPS, gender) and the dependent variable (giftedness).
Therefore, this model can validly predict the relationship between the dependent variable and the
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independent variables better than the model with only the constant. To test the goodness of fit of
the model, a Hosmer and Lemeshow test was used to determine the fitness of the model at
predicting the dependent variable. This result was not statistically significant χ2(8) = 5.51, p =
0.702), indicating that this model is not a poor fit, which reinforced the conclusion that this
model fits the data.
Table 22
Classification: Gifted and Non-gifted
Predicted
Observed

Non-gifted

Gifted

Percentage Correct

Non-gifted

138

22

86.3

Gifted

56

44

44.0

Percentage Correct

70.0

Table 22 shows that the prediction success overall was 70.0% (86.3% for gifted and
44.0% for non-gifted), representing the adequacy of the model in the classification of student
type as gifted or non-gifted based on the independent variables.
Table 23
Likelihood of Giftedness Based on Gender and Total Scores on MCPS
Predictor

B

S.E.

Wald

df

p

Odds

95% CI

Ratio

Lower

Upper

Gender (Female)

-.56

0.29

3.87

1

.049*

0.57

.33

.998

Total MCPS

0.07

0.01

28.34

1

.000*

1.07

1.04

1.10

-1.83

0.34

29.57

1

.000*

0.16

Score
Constant
Note: *p < .05
The logistic regression result from Table 23, with the Wald criterion χ2(1, N=260) = 3.87,
demonstrates that gender was a statistically significant predictor of the likelihood of being gifted
(p = .049, CI [.33, .998]). Females (indicator category) were less likely to be gifted than males
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(OR = .57). However, the cross-tabulation in Table 24 indicates the proportion of gifted males
(47, 40%) and gifted females (53, 37%) was very close. This finding is reflected in the
confidence interval of the odds ratio being very close to 1 (i.e., 0.998). Thus, the odds ratio
indicating males were slightly more likely to be gifted, after controlling for MCPS score. In other
words, the estimated odds indicates that males were 1.75 times more likely to be in the gifted
sample than females.
Table 24
Cross Tabulation of Gender and Giftedness
Gifted
Gender

Students (n = 100)

Non-gifted

Total Students

Students (n = 160)

(n = 260)

n

Percent

n

Percent

n

Percent

Male

47

40%

70

60%

117

100%

Female

53

37 %

90

63%

143

100%

Likewise, the Wald criterion χ2(1, N = 260) = 28.34 confirmed that the total score of
MCPS was a statistically significant predictor of the likelihood of being gifted (p < .001, CI
[1.04, 1.10]). For each unit increase in a student’s MCPS total score, the odds of being gifted
was higher than the odds of not being gifted by a factor of 1.07. Therefore, students with higher
MCP scores were more likely to be gifted.
The analyses of this research question showed that the binary logistic regression model
was a good fit for the data with a high prediction rate (70%). Additionally, student’s gender and
the total score on the MCPS were significant predictors of giftedness.
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Conclusion
In conclusion, the analyses of research questions revealed that gifted students had a
significantly higher score than non-gifted students in posing mathematical problems with
sufficient information. Gifted students scored significantly higher in the three dimensions of
creatively: fluency, flexibility, and originality. They also tended to have significantly higher
scores on the MCPS than non-gifted students. Female students also tended to have significantly
higher scores on the MCPS than males. Finally, the students’ total scores on the MCPS and
gender were significant predictors of giftedness.
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CHAPTER V: DISCUSSION
This chapter summarizes the study findings, followed by a discussion of the implications
of the results. The chapter also considers the study’s limitations and suggestions for future
research.
Discussion of Results
The purpose of this study was to investigate if there were significant differences in the
dimensions of Mathematical Creative Potential scale (MCPS) and types of questions posed by
students between 260 gifted and non-gifted 7th and 8th grade middle-school students. The study
also aimed to examine the effects of gender, giftedness, and the interactions between them on the
MCPS. Lastly, the study determined if total MCPS scores and gender could significantly predict
the odds of a student being identified as gifted.
Research Question 1
The first research question asked whether there were statistically significant differences
between gifted and non-gifted middle-school students in the types of problems posed on the
MCPS. These types of problems include non-mathematical problems, implausible mathematical
problems, plausible mathematical problems with insufficient information, and plausible
mathematical problems with sufficient information.
To answer this question, the researcher used an independent samples t-test to determine if
there were statistically significant differences in the types of problems posed by gifted and nongifted students on the MCPS. The results of the t-test exhibited no statistically significant
differences between gifted and non-gifted middle-school students in the average number of nonmathematical problems or implausible mathematical problems generated. However, there were
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statistically significant differences in the average number of plausible mathematical problems
with insufficient information posed by non-gifted students compared to gifted students’
responses. Moreover, there were statistically significant differences in the average number of
mathematical problems with sufficient information posed by gifted students compared to nongifted students’ responses.
These findings are consistent with prior research, which shows that gifted students pose
more appropriate and solvable mathematical problems than students who are not gifted. For
example, Paek and Yi (2010) investigated the problem-posing abilities of gifted middle-school
students in Korea. After analyzing routine and non-routine problems posted by the students, they
found that gifted middle-school students were able to pose appropriate mathematical problems
with suitable solution methods. Another study by Erdoğan and Gül (2020) found that gifted
students from 6th to 8th grades were better able to pose appropriate mathematical problems than
non-gifted students in the same grades. Arikan and Ünal (2015) and Lee et al. (2016) also
discovered that gifted students were able to produce high-quality solvable problems and
displayed more interest in constructing and posing problems than did non-gifted students, who
faced difficulties posing problems. The authors argued that gifted students’ enhanced abilities to
pose more appropriate mathematical problems increased their basic and problem-solving skills,
as well as the additional time and mental effort these students spent on complex tasks. They also
concluded that gifted students think more profoundly and critically and apply more cognitive
efforts on complex, challenging math structures (Gutierrez et al., 2018; Johnson, 2000; Sheffield,
2018; Yuan & Sriraman, 2011).

78
Research Question 2
Research question two considered whether there were statistically significant differences
between the scores of gifted and non-gifted middle-school students for the three dimensions of
creativity (fluency, flexibility, and originality) for the plausible mathematical problems with
sufficient information.
To answer research question two, an independent samples t-test was administered to
determine if there were statistically significant differences between gifted and non-gifted student
scores for fluency, flexibility, and originality. The results of the t-test revealed that there were
statistically significant differences in gifted student performance in the three dimensions of
mathematical creative potential (MCP) compared to non-gifted student performance.
This finding coincides with past studies indicating that gifted students possess a higher
ability to pose mathematical problems than do non-gifted students (Arikan & Ünal, 2015; Lee et
al., 2016; Yuan, 2009). Furthermore, gifted students also have higher levels of mathematical
ability than non-gifted students (Heid, 1983; Hoose,1987; Hong & Aqui, 2004; Johnson, 1983,
Johnson, 2000; Leikin et al., 2014; Singer et al., 2016; Yuan & Sriraman, 2011;). Similarly,
Krutetskii (1976) found that mathematically-gifted students exhibit an array of traits including an
outstanding ability to grasp formal structures, think logically, and generalize fluently and flexibly
with mathematical problems.
Ultimately, these studies and the results of this dissertation study align with expectations
that gifted students demonstrate higher levels of MCP than non-gifted students. Additionally,
researchers have defined some characteristics related to fluency, flexibility, and originality that
help identify gifted students. They concluded that gifted students tend to ask unique questions
and exhibit high fluency in their thoughts and ideas. These students can also flexibly solve

79
problems and produce different, complex, and original ideas (Johnsen, 2004; Hoose, 1987;
Johnson, 1983). Consequently, mathematically gifted students can uniquely arrange several
mathematical principles, relations, and formulae (Heid, 1983; Leikin et al., 2014), and their
higher scores on the MCPS may be attributed to the fact that gifted students display a higher
level of problem-solving and reasoning versus that of non-gifted students in terms of speed and
depth (Keşan & Güvercı̇ n, 2010).
Research Question 3
Research question three addressed whether there are statistically significant differences in
middle school students’ scores on the MCPS based on giftedness, students’ gender, and the
interaction between them.
To answer research question three, students’ scores on the MCPS were examined using a
two-by-two factorial analysis of variance (student’s type: gifted vs. non-gifted and gender: male
vs. female). The factorial analysis of variance (a two-way ANOVA) indicated statistically
significant main effects for students’ giftedness. Gifted students tended to have significantly
higher scores on MCPS than did non-gifted students. Regarding gender, female students tended
to have significantly higher scores on the MCPS than males.
These results concerning gifted students are consistent with the findings for research
question two, where the results indicated that gifted students score highly in the three dimensions
of MCP (fluency, flexibility, and originality), implying that higher total scores also favor gifted
students. On the other hand, the gender finding aligns with the results of studies conducted by
Evans (1964) and Prouse (1967), which investigated the effect of gender on MCP and concluded
that females from 7th and 8th grades had significantly higher levels of mathematical creativity
than did males. Mann (2006) also achieved similar results with 7th grade female students. While
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another study found males to be significantly more creative than females, it addressed highschool rather than middle-school students in Brazil (Gontijo, 2007). Bender (2013) also found
similar results with males outperforming females in creativity, but that study addressed college
students, and it addressed general creativity, rather than mathematical, creativity.
Other studies also demonstrated no significant difference between males and females in
mathematical performance or creativity; these results were obtained through meta-analyses.
Lindberg et al. (2010) investigated the trend in mathematical performance between genders, but
Baer and Kaufman (2008) addressed creativity generally. The inconsistencies surrounding
gender influence on MCP indicate that more studies are needed to produce definitive results
concerning the role of gender in MCP. Such results should be replicated and serve as guides for
making decisions on the effects of gender in mathematical creativity.
Research Question 4
The final research question considered whether students’ total scores on the MCPS and
student gender were significant predictors of giftedness.
To answer question four, the researcher implemented a binary logistic regression model to
ascertain whether a student’s total score on the MCPS and gender suggested the likelihood that
participants were gifted versus non-gifted. The results showed that the binary logistic regression
model was a good fit for our data with a high prediction rate (70%). Additionally, the student's
gender and the total score on the MCPS were significant predictors of giftedness. Moreover,
males were more likely to be in the gifted sample than females.
There are a limited number of related quantitative studies that focus on the predictive
ability of gender and MCP on giftedness. Mann (2006) examined several factors in the
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educational setting and their relationships to mathematical creativity. One of the significant
predictors was gender. However, Mann (2006) did not tie these observations to giftedness.
Aside from the research on gender’s impact, some qualitative studies refer to the use of
problem-posing as a helpful technique for developing mathematical creativity and ascertaining
mathematical giftedness. Keşan et. al. (2010) argued that such techniques would be helpful in
identifying mathematically-gifted students. Other studies also indicated that problem-posing
techniques can be used to study and develop creative ability in mathematics (Akgül, & Kahveci,
2016; Maharani, 2014; Perkins, 1997; Singer et al., 2011; Singer et al., 2013; Singer, 2018;
Sriraman & Haavold, 2017; Van Harpen & Sriraman, 2013). Others have also suggested that
mathematical creativity remains one of the basic attributes for identifying and developing
mathematical giftedness (Kontoyianni et al., 2013; Mann, 2005, 2006).
Implications and Suggestions for Future Research
The research reviewed in this study examined Mathematical Creative Potential (MCP) by
analyzing students’ responses through problem-posing on selected situations composed
specifically for studies intended to test the potential of the participants. Studies that addressed
this method included Yuan (2009), Singer et al. (2011), and Amalina et al. (2018). However,
explanations within these studies were insufficient, and lacked analysis of instrument validity
and reliability. Thus, the researcher created the Mathematical Creative Potential Scale (MCPS)
for this dissertation study. The MCPS is perhaps the first scale to focus solely on problemposing, and rigorous testing for validity and reliability. Acknowledging the MCPS’s results, the
next section discusses possible implications for future research regarding generalizability,
research methodology, and identification of student giftedness and other traits.
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Generalizability
The results of this study reveal that the MCPS is a valid and reliable scale for measuring
MCP in gifted and non-gifted middle-school students. Further research could implement the
MCPS with groups of middle-school students from different states beyond Arkansas. When the
researcher investigated the validity of MCPS, the situational items selected were deemed valid
and appropriate for middle-school students from both the USA (in Arkansas) and Saudi Arabia
(the KSA). Therefore, a future study might also measure MCP in gifted and non-gifted middleschool students in the KSA. However, the reliability tests should be repeated with students from
the KSA, as the results of current reliability tests focus on students from the USA only.
A comparative study is another avenue for additional research. For example, a study
might compare the MCP’s of middle-school students between the KSA and the USA. By
comparing the performances of gifted and non-gifted middle-school students residing in different
school systems, cultures, geographic areas, and socioeconomic statuses, educators may discover
viable future research projects by inspecting the impacts of different environments on MCP.
Research Methodology
Future research might also consider changes to research methodology, specifically by
supplementing the MCPS with other types of data collection and data analysis. For example,
problem-solving is a common method employed in instruments that measure MCP. Future
studies could also include problem-solving by the participants as an additional variable to
investigate following application of the MCPS - participants would be required to solve the
problems they pose on the MCPS. In doing so, researchers might better evaluate connections
between participants’ creativity and their understanding via problem-solving.
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Although students are accustomed to problem solving, the concept of problem-posing is new
to many of them. One of the pilot studies in this research showed that some students require
more extensive explanations of problem-posing. Recently, Ayvaz’s and Durmus’ (2021) study
reported that, initially, even gifted students had difficulty posing problems; this difficulty
significantly decreased following problem-posing training from their teachers. This conclusion
suggests that teachers might include classroom instruction in problem-posing to help develop
students’ abilities and improve their mathematical creativity. The benefits of training in problemposing could well be applicable to MCPS; the researcher might use a comparative approach to
examine and compare a student’s MCPS scores before and after receiving training in problemposing.
Alternatively, an experimental study might integrate problem-posing and problemsolving by assigning a group of middle school students, administering the MCPS, and, after a
period, giving them another instrument involving problem-solving activities, such as those
instruments developed by Akgül and Kahveci (2016), Gontijo (2007) and Lee et al. (2003). The
researcher could then compare the scores of the three dimensions of mathematical creativity
from these instruments and then report which activity was most effective in helping students
manifest their mathematical creativity.
Aside from integrative experimental research, changes to data collection and analysis
might also spawn interesting findings. The current study focused on quantitative analysis of
student responses, yet a future study could use qualitative methods to analyze the responses from
the MCPS. For example, interviews with students might reveal insights into students’ thought
processes as they pose problems. The short interview from one of the pilot studies in the current
study revealed that conducting interviews yielded additional information about student responses

84
and creative thinking during the problem-posing process. Since some students’ responses were
unclear, a follow-up investigational interview in future research could clarify a student’s
responses. A future study could then utilize these interviews as a secondary instrument to the
MCPS. However, this process is time-consuming and could lead to a reduction in the number of
participants, and the smaller sample size may impact the generalization of the study findings.
However, other more manageable qualitative studies are possible. For example, the
information from the study’s rubric could be analyzed qualitatively regarding the complexity or
difficulty of problems posed by the study participants in the study’s five situations. The results of
this study indicated that gifted and non-gifted students had higher average scores on S3 than all
the other situations. Conversely, another qualitative study investigating the differences between
gifted and non-gifted student responses on this situation could also be formulated.
In addition to these qualitative approaches, changes to the scoring method should also be
considered. For example, creativity scoring in this study focused individually on fluency,
flexibility, and originality, but this researcher did not use the cumulative score due to concerns
that the fluency score, which is based on the overall number of valid responses, would influence
the originality score, and would have an outsized impact on the overall score. Some researchers
have attempted to overcome the influence of fluency on originality scores. For instance, Plucker
et. al (2011) divided the originality score by the fluency score before adding it to the fluency and
flexibility scores to obtain the cumulative score. This is one possibility for calculating a
cumulative score, but future studies should investigate other potential ways of calculating the
cumulative score of the MCPS and then compare the results.
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Identification of Giftedness and Other Traits
The results of this study indicate that the MCPS proved to be a significant predictor of
giftedness. Thus, future researchers may wish to use it as a tool to identify giftedness. In addition
to giftedness, studies might also explore correlations between the MCPS and other academic
variables, including math achievement, self-efficacy, motivation, attitude, attitude toward
mathematics, and personal traits, among others; these correlations would certainly provide
additional data and insight. Such research could also use these variables to determine which trait
may be the best predictor of MCP.
Limitations
The scope of this study was limited to gifted and non-gifted middle-school students in a
specific geographic area of the United States. Accordingly, generalization is only possible for
schools that meet the criteria established in this study. Moreover, scoring participant responses
and developing a study rubric are time-consuming and the sample size will reflect this constraint.
The scoring process is also inevitably subjective. So, to reduce or eliminate researcher bias, two
math experts reviewed the rubric before its use in scoring the study participants.
There were also some limits to the implementation of the study. Because of school
timelines, the researcher had insufficient time to train students and illustrate examples of
problem-posing. To overcome this issue, the study provided an example for review at home and
discussion at the beginning class. Another limitation involved the use of written language. Some
students at this age find it difficult to express their ideas in written form. Thus, the study rubric
included multiple phases to test its readiness and appropriateness for both groups. These phases
helped classify students’ responses, score their flexibility, and eventually help score originality.
It is worth noting that this rubric was built based on the current participants’ responses. A future
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study applying the MCPS might have additional responses that would not be appropriately
classified under any of the rubric subcategories. Subsequently, future researchers might include
an additional sub-category as “others” to fix this issue.
Conclusion
The researcher’s desire to confirm the link between Mathematical Creative Potential
(MCP) and giftedness and her recognition that their connection merited further investigation
inspired this study. Researchers previously unmasked the manifestation of MCP through
problem-posing activities (Dickman, 2014; Silver, 1994; Van Harpen & Sriraman, 2013), and
they communicated the need for more studies addressing MCP measurement through problemposing. Because of this need, problem-posing presented a promising method for studying
mathematical creativity in gifted and non-gifted students.
Literature on these subjects led the researcher to pose many questions regarding MCP.
Four of these questions, listed below, guided the study:
1. Are there statistically significant differences between gifted and non-gifted middle school
students in the types of problems posed on the MCPS (non-mathematical problems,
implausible mathematical problems, plausible mathematical problems with insufficient
information, and plausible mathematical problems with sufficient information)?
2. Are there statistically significant differences between the scores of gifted and non-gifted
middle school students in the three dimensions of creativity (fluency, flexibility, and
originality) for the plausible mathematical problems with sufficient information?
3. Are there statistically significant differences in middle school students’ scores on the
MCPS based on giftedness, student gender, and the interaction between them?
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4. Are students’ total scores on the MCPS and student gender significant predictors of
giftedness?
The design of the study, based on these questions, then became an investigation of the
following five factors:
1. The link between students’ MCP and giftedness by analyzing their abilities to pose
mathematical problems;
2. The types of problems posed by gifted and non-gifted students and ability to determine if
there are significant differences;
3. The possibility of significant differences between the MCPS scores of gifted and nongifted students in the three dimensions of creativity (fluency, flexibility, and originality);
4. The effects of gender, giftedness, and their interaction on the dimensions of MCP; and
5. Gender and total MCP scores as possibly significant predictors of a student’s
identification as gifted versus non-gifted.
This quantitative study consisted of a sampling of 260 students, gifted and non-gifted from
middle schools in four Northwest Arkansas school districts. Students were selected from 7th and
8th grades.
The researcher developed the Mathematical Creative Potential Scale (MCPS) to measure
students’ MCP (Appendix F). The validity of the MCPS was examined by utilizing tests for
content validity, internal consistency of the Scale, Cohen’s Kappa Coefficient, and Cronbach's
Alpha. The MCPS also included five problem-posing situations that fall under free and semistructured situations as defined by Stoyanova and Ellerton (1996). These situations utilized the
divergent thinking technique, requiring the participants to generate as many problems as
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possible. Both gifted and non-gifted participants were given fifty minutes to work individually
on problem-posing tasks and complete the MCPS.
Following administration of the study, the scoring process required three steps:
1. Determining the quality of participant responses;
2. Developing a study rubric; and
3. Calculating participant scores.
These steps facilitated the analyses of students’ responses, which is based on the dimensions of
fluency, flexibility, and originality.
In conclusion, analysis of the research revealed that gifted students received significantly
higher scores than did non-gifted students in posing mathematical problems with sufficient
information. Gifted students scored significantly higher in the three dimensions of creativity:
fluency, flexibility, and originality. As a result, they had significantly higher scores on the MCPS
than non-gifted students. Additionally, female students tended to have significantly higher scores
on the MCPS than males. Lastly, the students’ total scores on the MCPS and gender were
significant predictors of giftedness.
Contemporary society, exposed to unpredictable changes, ultimately needs better ways to
train students to face a changing world; researchers recommend developing students’ creativity
to prepare them for this society, and they recommend teaching problem-posing techniques to
students to enhance their creativity. Based on the results of this study and these
recommendations, the researcher wishes to continue exploring the connection between
mathematical creativity and giftedness. The researcher intends to implement the study on gifted
middle-school students from the KSA. This inquiry will allow the researcher to conduct a
comparative study on the MCPS performances of gifted students from the KSA and the USA
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regarding the three dimensions of creativity and explore the effect of different backgrounds,
educational systems, programs, and environment on the MCP of gifted students. The inclusion of
results from the KSA will help further develop the study rubric, which is based only on
American student responses.
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Appendix B. Validation Rubric for Expert

Professor/ Teacher Name: ……………………………………………………
Specialist: …………………………………………………….…………………………
Email: …………………………………………………….…………………………
Date: ……………………………………………………………………………………...
Hi, my name is Aishah Alzahrani. I am in the process of completing my Ph.D dissertation
in mathematics education at the University of Arkansas. I am writing to you to ask if you would
be willing to be participate in my study as a judge to select the study test items, from the problem
posing test (PPT). Participation entails rating a total of 11 situations in order to select the best six
of them.
Feel free ask any questions.
Aishah Alzahrani
XXX
XXX-XXX-XXXX
…………………………………………………………………………………
Students’ mathematical creativity and problem-posing ability, a comparison study between
middle school students from the US and the Kingdom of Saudi Arabia.
The Purpose of the Study:
Many studies have investigated the link between problem posing (PP) abilities and
creativity from different perspectives; however, this study will contribute novel knowledge by
describing and comparing these phenomena in two groups of students, one identified as gifted
and one not recognized as such, in the US and the Kingdom of Saudi Arabia (KSA).
The purpose of the present study is to investigate students’ mathematical creativity when
posing problems from free and semi-structured situations. The study will describe the similarities
and differences in creative thinking abilities on problem posing ability in gifted and non-gifted
middle school students from the United States (US) and the Kingdom of Saudi Arabia (KSA).
The work builds on previous research, which linked mathematical creativity with PP abilities by
comparing the creative indicators that can be gained from students’ responses while considering
the creative thinking components of flexibility, fluency, and originality.
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Problem-Posing Ability Test (PPT)
Reviewing the literature has shown that many studies aimed at investigating students'
problem-posing abilities fall under situations defined by Stoyanova and Ellerton (1996): free
structured, semi- structured and structured situations (Arikan & Ünal, 2015; Bonotto, 2013;
Yuan & Sriraman, 2011). This framework considers a problem-posing situation to be free when
students are asked to generate a problem from a given naturalistic situation. Semi-structured is an
open situation in which students are motivated to explore the structure of that situation and to
apply their previous mathematical knowledge and skills to that situation. Finally, a structured
situation is built based on a specific problem (Yuan& Sriraman, 2011). The test will consist of
six adapted problem posing tasks from (Akgul & Kahveci, 2016; AlAhmadi, 1999; Balka, 1974;
Cai, 2012; Haylock, 1987; Lee & Seo, 2003; Livne & Milgram, 2006; Silver & Cai, 1996;
Stoyanova & Ellerton,1996).
In these problem-posing situations, participants from both groups (gifted and non-gifted) will
work individually for 45 minutes to generate solvable mathematical problems in different
situations. In this study, students will not be required to solve these problems. Before the actual
PPT, all students will be introduced to the test by means of one example of a problem-posing
item.
Operational Terms
•

Mathematical creativity: mathematical creativity is operationally defined as students’
ability to pose different mathematical problems from given situations (free and semistructured situations) that can be assessed by creative elements: fluency, flexibility, and
originality.

•

Fluency score: a student’s fluency score is operationally defined as the total number of
students’ viable problems.

•

Flexibility score: a student’s flexibility score is operationally defined as the total number
of categories that involve student’s viable problems.

•

Originality score: the originality of students’ responses will be based on their rareness in
comparison to the other students.

•

Free structured situation: free structured situation is the math situation that asks student
to generate a problem from a given naturalistic situation
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•

Semi-structured situation: semi-structured situation is an open situation in which
students are motivated to explore the structure of that situation and to apply their previous
mathematical knowledge and skills to that situation.
Please write YES (1) or NO (0) under each situation?
Questions
#1

1

2

3

4
5
6
7
8

Is the situation well
written and clear?
Does the situation
allow students to pose
different math
problems?
Does the situation
allow students to
express different math
skills?
Is the situation
appropriate for middle
school students?
Is the situation
appropriate for gifted
students?
Is the situation easy to
understand?
Is the situation an
example of free
structured situation?
Is the situation an
example of semistructured situation?

#2

#3

#4

Items (Situations)
#5 #6 #7 #8

#9

#10

#11

#
1
2
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In your opinion, what are the six most important situations that should be included in this
test? Rank them by the most to the least important. Make sure that these situations allow students
to provide many questions and show different math skills.
Item #

-

If you think any situation from your list above needs to be reworded, please provide your
suggestion under that question.

-

Do you think that the introduction of this test is clear and appropriate for middle school
students?

-

Please provide your final opinion (comments and suggestions) about the test items:

Thank you so much for your help
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Appendix C. The Mathematical Creative Potential scale (MCPS- 12 Situations)

Name: __________________
class: ____________________
School:
______________ Age: __________ Gender: _______________
Dear student,
It is now your opportunity to use your imagination and think of as many unusual
mathematical problem ideas from a given situation. Do your best to think of questions/problems
no one else will think of.
You will have 45 minutes to complete this test. Make sure that you use your time wisely.
If you run out of ideas on one item, go on to the next one. Do not worry, you will not be graded
on the answers that you write.
Test instructions:
Please read the following information carefully before you start answering the questions:
1. This test consists of 12 math situations.
2. Read the situations and then write as many problems (questions) as possible
3. Your questions should be solvable and complete math problems; however, you are not
required to answer them
4. After you are done creating a list of questions, review them in hopes that you might think
of more questions
5. Make sure that the questions you have written are mathematically correct and different
from one another
6. If you need more space, then you can get another answer sheet from your teacher

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD TO DO SO.
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ITEM 1:
There are 15 sisters and 15 brothers standing in a line. Pose as many problems as possible that can
use this information in some way (Stoyanova & Ellerton,1996).

ITEM 2:
Pose as many problems as possible to find two unknowns. Make sure to provide
enough information to find the desired unknowns.
Example:
-

Jack is twice as old as his sister Danna. The sum of their ages equals 45 years (Akgul,
Kahveci, 2016).

-

Determine the name of two hidden geometric figures that are related in some manner
(Balka, 1974).

ITEM 3:
Pose as many problems as possible that can be answered from the following situation:
Three bus drivers take turns driving the same bus from a trip (Alahmadi, 1999)
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ITEM 4:
Pose as many problems as possible using the following figure in some way
(Stoyanova & Ellerton, 1996).

ITEM 5:
Below are 16 dots which are arranged one-centimeter away from each other, both horizontally and
vertically. Pose as many problems as possible (the researcher)

ITEM 6:
Pose as many problems as possible by using the following figure in some way (Balka, 1974).
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ITEM 7
Pose as many problems as possible that expresses the following equations:
4 * 6 = 24
24 - 5= 19

ITEM 8:
David has 42 stamps, Harry has 23 stamps, and Barbra has 15 stamps (Silver & Cai, 2005).
Pose as many problems as possible by using the above information.

ITEM 9:
Pose as many problems as possible using the pattern below (Cai, 2012).
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ITEM 10:
Three patrol cars reach the city of Fayetteville. One comes from city1, the second one from city2,
and the third one from city3. The car that comes from city1 arrives in Fayetteville once every 4
days, while the one from city2 arrives in Fayetteville once every 6 days. The car from city3 arrives
in Fayetteville every 8 days. On one day, these three cars will meet in Fayetteville (ALahmadi,
1999).
Pose as many problems as possible by using the information above.

ITEM 11:
The following table represents the salaries of some employees, each square represents $1,000
(ALahmadi, 1999).
Pose as many problems as possible that can be answered by the following information.

CEO

Manager

Employee
Unskilled worker
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ITEM 12:
The following circle shows the daily amount of time that Olivia spends at school and at home.
Pose as many problems as possible that can be in some way related to the following information
(ALahmadi, 1999).
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Appendix D. The Mathematical Creative Potential scale (MCPS- 7 Situations)

Name: __________________
School:

Grade Level: __________________

______________ Age: _____________

Gender: _______________

Racial Demographics: _____ Caucasian ____Hispanic ____Native Hawaiian/Pacific
Islander ____Native American/Native Alaskan ____Two or more races
Indicate any programs that you attend:
____Band ____Choir ____East Lab ____Gifted and Talented ____Speech ____Athletics
(specify the sport __________) ______Special Education _____ESL
Dear Student,
Imagine that the middle schools in Springdale decided to hold a big math competition for their
students, and you are the math expert who will help them write the competition questions. This is
your opportunity to use your imagination to show off your math knowledge and skills. In order to
help you come up with possible competition questions, seven math situations are provided to jump
start your thinking, but you only need to complete five situations to help with this work. Use your
imagination to pose as many problems as possible that connect to each situation in some way.

Notes: you can add any necessary information to those situations that would help you create
motivating math problems (e.g. figures, equations, ratio, geometrical shapes, or draw lines, etc.)
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Task instructions:
•

Make sure that your questions from each situation are different from one another

•

Make sure that the students who participate in the competition are able to understand
and answer your questions

•

If you run out of ideas on one item, go on to the next one

•

You will have 45 minutes to complete all of the questions, so make sure that you use your
time wisely

•

Do your best to think of unusual math questions and problems that no one else will think
of

•

If you need more space, write on the back of your paper

•

DO NOT OPEN THE FIRST PAGE UNTIL YOU ARE TOLD TO DO SO
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Situation 1:
There are 17 boys and 10 girls standing in a line.
-

Use your imagination and math skills to write as many problems as possible that can use the
above situation in some way

-

Add any necessary math information or equations to the situation that would help you to create
interesting and different math problems.

Situation 2:
Use your imagination and math skills to write as many problems as possible using the following
figure in some way
-

Add any necessary math information to this figure that would help you to create interesting
and different math problems. e.g. area of the shape, lengths of the sides, angles, or/ and the
radius,… etc.

-
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Situation 3:
Write as many problems as possible using the pattern below

?
?
?

-

Use your imagination and math skills to pose as many problems as possible using the above
information.

-

You can add any necessary math information to help you creating interesting and different
math problems.
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Situation 4:
Below are 16 dots which are arranged with one-centimeter of distance both horizontally and
vertically.
-

Use your imagination and math skills to write as many problems as possible using the above
shape in some way

-

Add any necessary math information to the situation that would help you to create interesting
and different math problems. e.g. lines, figures, … etc.
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Situation 5:
4 * 6 = 24
24 – 9 = 15
15 ÷ 0.5 = ?
-

Use your imagination and math skills to write as many problems as possible that express all
the above equations

-

You can add any necessary math information to the situation that would help you to create
interesting and different math problems. e.g. a math story … etc.

Situation 6:
The following table represents the salaries of some employees, and each small square represents
$1000

CEO

Manager

Employee
Unskilled worker

-

Use your imagination and math skills to write as many problems as possible using the above
information.

-

You can add any necessary math information or equations to help you creating interesting and
different math problems.
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Situation 7:
The following circle shows the time that Olivia spends daily at school and at home

Homework
3 hours for eating and
other activities

4 hours thinking

9 hours for sleeping

6 hours at school

-

Use your imagination and math skills to write as many problems as possible using the above
information.

-

You can add any necessary math information to help you creating interesting and different
math problems.
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Appendix E. Interview Questions
Date: 9/12/2019
Grade level: ____________________

Name: _________________________
GT

non- GT

1. What inspired you to write these questions? OR how did you think of these questions?

2. Which situation/s do you think allowed you to write more challenging questions? Why?

3. Can you write more creative and challenging questions from any situation you have worked
on today?

4. What did you change compared to your initial problems? How did you do that? (steps/
process)

5. How do you think I should answer your question # from your responses today?

121
Appendix F. The Mathematical Creative Potential scale (MCPS- 5 Situations)

School: ……………………………………………
Name: …………………………………………… Age:

Grade Level: …………………………………
Gender: ……………………………………………

………………………

Racial Demographic(s):
white

Hispanic

Native Hawaiian/Pacific Islander

Native American/Native Alaskan

Asian

African American

Two or more races
Indicate any programs that you are a part of:
Gifted and Talented

Band

Speech

Special Education

Athletics

Choir

East Lab
ESL

Dear Student,
Imagine that middle schools in Arkansas hold a big math competition for their students, and you
are the math expert who will help them write the competition questions. This is your opportunity
to use your imagination to show off your math knowledge and skills. In order to help you come up
with possible competition questions, five math situations are provided to jump-start your thinking.
Use your imagination to write as many questions as possible that connect to each situation in
some way.
Notes: You can add any information to the situations that would help you create motivating
math questions (e.g., figures, equations, ratio, geometrical shapes… etc.)
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Task instructions:
•

Make sure your questions on each situation are different from one another,

•

Make sure that the students who participate in the competition can understand and then
answer your questions,

•

If you run out of ideas for one situation, go to the next one,

•

Do your best to think of unusual and challenging math questions that no one else may
think of,

•

You will have 50 minutes to complete all of the questions, so make sure that you use your
time wisely,

•

If you need more space, write on the back of your paper.

DO NOT OPEN THE NEXT PAGE UNTIL YOU ARE TOLD TO DO SO
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Situation 1
There are 15 boys and 10 girls standing in a line.
-

Use your imagination and math skills to write as many questions as possible that can use the
information in the above situation in some way.

-

Add any necessary math information or equations to the situation that would help you to create
interesting and different (unique) math questions.
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Situation 2
Write as many questions as possible using the integers/pattern below:

?

-

Use your imagination and math skills with the information above.

-

You can add any necessary math information to help you create interesting and different math
questions. e.g., equations, patterns, statistics,… etc.
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Situation 3
Below are 16 dots which are arranged with one-centimeter of distance between each dot, both
horizontally and vertically.
Use your imagination and math skills to write as many questions as possible using this shape in
some way
-

Add any necessary math information to the situation that would help you to create interesting
and different math questions. e.g., lines, figures, geometric shapes… etc.
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Situation 4
The following shapes represent the salaries of random employees, and each small square
represents $1000.

CEO

Manager

Employee
Unskilled worker

-

Use your imagination and math skills to write as many questions as possible using the above
information.

-

You can add any necessary math information or equations to help you create interesting and
different math questions.
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Situation 5
The following circle shows the time that Olivia spends daily at school and at home.

-

Use your imagination and math skills to write as many questions as possible using the above
information.

-

You can also add any necessary math information to help you create these math questions. e.g.,
fraction, percentage, unit of time … etc.
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Appendix G. Problem Posing Example

Situation:
David has 42 stamps, Harry has 23 stamps, and Barbara has 15 stamps.

-

Use your imagination and math skills to write as many questions as possible using the above
information.
You can add any math information or math equations to help you create interesting and
different math questions.

Examples of Inappropriate Questions:
1. Harry has 23 stamps, and Barbara has 15 stamps?
(This is not a question; it just states given data.)
2. Jake has two times stamps than Harry?
(This is not a question, so rephrase it as one.)
3. David has 42 stamps, and Lisa borrowed 5 stamps from Harry
(Also, not a question, so rephrase it as one.)
4. If Harry has 23 stamps and he gave 20 of them to Barbara and 3 to David, why did Harry
give Barbara more than David?
(This is not a mathematical question.)
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Situation:
David has 42 stamps, Harry has 23 stamps, and Barbara has 15 stamps.
Examples of Appropriate Questions:
1. David has 42 stamps, Harry has 23 stamps, and Barbara has
15 stamps. Harry gave Barbara 19 of his stamps and gave
David 3 of his stamps. How many stamps do Harry and
Barbara have now?

2. Barbara collected 15 unique stamps from different countries,
and she decided to give away one-third of her collection to
her cousin on his birthday. How many stamps does she have
left?

3. Barbara has 15 stamps. 11 of them are worth $9.07, and 4 of
them worth $0.98. How much has she spent on her stamps?

4. David has 42 stamps, Harry has 23 stamps, and Barbara has
15 stamps. What is the difference between the highest and
lowest number of stamps?

5. David has 42 stamps, Harry has 23 stamps, and Barbara has
15 stamps. If Jake’s number of stamps is equal to 25% of the
total number of stamps of Barbara, David, and Harry, how
many stamps does Jake have?
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6. David, Harry, and Barbara have a total of 80 stamps. If David
has between 40 to 45 stamps and Harry has between 20 to 25
stamps, and Barbara has between 10 to 15 stamps, what is one
of the solutions if two of them have an odd number of
stamps"?

7. David has 42 stamps, and each one is 1 centimeter high and 1
centimeter wide. You want to use some or all of them to build
geometric shape/s. What would be the name of that shape/s?
How many stamps would you need to use? How could you
find the area of this/ these shapes?

1 centimeter

1 centimeter

Notes:
-

Above are just some simple examples of appropriate questions, and there are still many other
questions that can be generated from the same situation. You are encouraged to be more
creative in your questions than those questions. DO NOT limit yourself to these math concepts,
to what you have heard from your math teachers, or to what you have read in your class
textbooks. THINK of questions that no one else as thought of them before.

-

Use a variety of math concepts as possible in your responses. DO NOT repeat the same math
concept as the following example:
1. How many stamps do Harry and Barbara have together?
2. How many stamps do David, Barbara, and Harry have in total?

Both questions 1 and 2 are appropriate; however, avoid duplicating the same math concepts as in
these questions (addition). Keep only one of them.
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Appendix H. The Rubric
This rubric consists of two sections. The first section is a glossary that defines the
mathematical terms used in the rubric. The second section consists of six reference tables, five of
which comprise examples of mathematical questions provided by the study participants. These
examples are provided to help categorize and score students’ responses on The Mathematical
Creative Potential Scale (MCPS)’s problem-posing situations according to the three creative
criteria of fluency, flexibility, and originality. It is important to note that possible responses are
not limited to these examples. Table 1 lists the key terms (abbreviations) used by the researcher
to shorten the examples included in Tables 2 through 6. These tables are specific to their
respective situations; situation 1 (boys and girls in a line), situation 2 (a number pyramid),
situation 3 (graphs and lines), situation 4 (salaries), and situation 5 (schedules and timelines).
Note:
•

The star “

” in the right column of the tables indicates additional information for the

instructor.
•

Questions that include two subcategories of math will be listed under the more relevant
subcategory. For example, the question “Is the total (difference between) number of
students an even or an odd number?” will be listed under the subcategory “Even and Odd
Numbers.” The question “If there are 21 cows, 23 lambs, 25 horses, 27 ducks, and 29
farmers, what is the mean?” will be listed under the subcategory “Word Problems.”
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Glossary
The purpose of this glossary is to define all the mathematical terms that the participants
in this study, from the seventh and eighth grades, included in their responses on the MCPS.
In this glossary. These terms are organized alphabetically, and they are arranged from basic to
advanced mathematical knowledge in the five reference tables.
algebra:
The area of mathematics related to the general properties of arithmetic. Relationships can
be summarized by using variables, usually denoted by letters x, y, n, ... to stand for
unknown quantities, whose value(s) may be determined by solving the resulting equation.
(Clapham & Nicholson, 2009, p. 35)
bar graph. “A graph with horizontal or vertical bars that represent data” (The McGraw-Hill
Companies, 2012, p. 313).
comparison. “An examination of the differences between numbers, quantities, or values to
decide if it is greater than, smaller than, or equal to another quantity” (SplashLearn, n.d.)
composite shape. “A shape that can be divided into more than one of the basic shapes”
(“Composite Figures”, 2020).
coordinates. “A pair of numbers that describe the position of a point on a coordinate plane by
using the horizontal and vertical distances from the two reference axes” (Edu2000 America Inc,
2020).
cube. “A solid figure that has six square faces. The surface area of a cube is 6 L2, and its volume
is L3, in which L is the length of a side” (Edu2000 America Inc, 2020).
equation. “A mathematical statement that represents the equality of two expressions involving
either constants, variable(s), or both. For example, 1 + 2 = 3 is an equation. So is x y =1”
(Edu2000 America Inc, 2020).
even number. “An integer that is divisible by 2” (The McGraw-Hill Companies, 2012, p. 327).
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fraction:
A number that represents one or more equal parts of a whole, written as a quotient such
as m/n (one number m divided by another number n). The top of the fraction (m) is called
the numerator, and the bottom number (n) is called the denominator. (Edu2000 America
Inc, 2020)
function. “A set of ordered pairs (x, y) in which each value of x is paired with exactly one value
of y” (The McGraw-Hill Companies, 2012, p. 331).
geometry. “The area of mathematics related to the study of points and figures, and their
properties” (Clapham & Nicholson, 2009, p. 345).
histogram:
A graph showing frequency of data in which the horizontal axis represents discrete units,
certain ranges, or intervals while the vertical axis represents the frequency. Often,
rectangular bars are drawn with their areas proportional to the frequencies within the
ranges or intervals. (Edu2000 America Inc, 2020)
line graph. “A set of points connected by line segments. This type of graph is usually used to
show a trend” (Edu2000 America Inc, 2020).
mensuration. “The measurement or calculation of lengths, angles, areas and volumes associated
with geometrical figures” (Clapham & Nicholson, 2009, p. 518).
number line. “A straight line on which each point represents a real number. It is a geometric
representation of numerical values” (Edu2000 America Inc, 2020).
odd number. “A counting number that is not divisible by 2” (The McGraw-Hill Companies,
2012, p. 344).
operations. “A process of carrying out rules of procedure such as addition, subtraction,
differentiation, taking logarithms, making substitutions, or transformations. The main operations
of arithmetic are addition, subtraction, multiplication, and division” (Edu2000 America Inc,
2020).
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opposite of a number. “A number that is the same distance from 0 on a number line as n, but on
the opposite side of zero” (The McGraw-Hill Companies, 2012, p. 345).
pattern. “Design that consists of numbers and/or shapes by following a specific rule” (Edu2000
America Inc, 2020).
percentage. “A proportion, rate or ratio expressed with a denominator of 100” (Clapham &
Nicholson, 2009, p. 596).
perimeter. “The distance around the boundary of a 2-dimensional figure” (The McGraw-Hill
Companies, 2012, p. 348).
plane geometry. “The area of mathematics relating to the properties of figures and lines drawn
in a plane, and the relations between them” (Clapham & Nicholson, 2009, p. 606)
probability. “The likelihood or chance of a given event happening. It is often expressed as a
fraction or decimal. The probability that m particular events will occur out of a total of n possible
events is m/n” (Edu2000 America Inc, 2020).
ratio:
The quotient of two numbers or quantities giving their relative size. The ratio of x to y is
written as x: y and is unchanged if both quantities are multiplied or divided by the same
!
quantity. So, 2 : 3 is the same as 6 : 9 and 1 : " . (Clapham & Nicholson, 2009, p. 664)
rational number:
A number that can be written in the form a/b, where a and b are integers, with b ≠ 0. The
set of all rational numbers is usually denoted by Q. A real number is rational if and only
if, when expressed as a decimal, it has a finite or recurring expansion.(Clapham &
Nicholson, 2009, p. 665)
scale factor. “The ratio of lengths on an image and corresponding lengths on the same image
[before a] size change” (The McGraw-Hill Companies, 2012, p. 358).
set. “Any group of things or numbers that are selected according to a well-defined rule”
(Edu2000 America Inc, 2020).
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slope. “The slope or gradient of a line is a number that describes both the direction and the
steepness of the line” (“Slope,” 2021).
statistics. “Quantitative data on any subject, usually collected with a purpose such as recording
performance of bodies for comparison, or for public record and which can then be analyzed by a
variety of statistical methods” (Clapham & Nicholson, 2009, p. 750).
pythagorean theorem. “A theorem stating that in a right triangle the area of a square drawn on
the hypotenuse is equal to the sum of the areas of the squares drawn on the other two legs”
(Edu2000 America Inc, 2020).
word problem. “A mathematical exercise where significant background information on the
problem is presented in ordinary language rather than in mathematical notation” (“Word
Problem,” 2020).
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Reference Tables for Scoring Students' Responses on the MCPS
Table 1
Key Terms Used in the Reference Tables
Term
Meaning
x, y, z, k

an unspecified number

B

boys

G

girls

BG

boys and girls

ft

feet

cm

centimeter

C

CEO (chief executive officer)

M

manager

E

employee

U

unskilled worker

A

an activity

A1

eating

A2

sleeping

A3

at school

A4

thinking

HW

homework

…

elided unnecessary information
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Term
()

Meaning
or. To avoid close duplicates of questions such as those that some students
provided, similar questions are summarized in one question, and the
alternative variables or values are stated in parentheses.
Example 1:
•

What is the percentage of B in the line?

•

What is the percentage of G in the line?

the two questions above are rewritten as:
What is the percentage of B (G) in the line?
Example 2:
•

How many even groups are in this line?

•

How many odd groups are in this line?

the two questions above are rewritten as:
•

How many are even (odd) groups in this line?
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Table 2
Reference Table for Scoring Students’ Responses on Situation 1 (Boys and Girls in a Line)
Table 2.1 Numbers
1

Comparing Numbers
Examples:
•

Which is higher (lower): the number of B or G?

•

What is the difference between the higher and the
lower number of people?

2

Identifying Even and Odd Numbers
Examples:
•

Is the total (difference between) number of BG an
even or an odd number?

•

How many even (odd) groups are there?
Table 2.2 Operations

3

Adding and Subtracting the Numbers of B and G
Examples:

4

•

How many B and G are there in total?

15 + 10 = ?

•

How many more B are there than G?

15 - 10 = ?

Adding and/or Subtracting from the Total BG
Examples:
•

If xB (G) left the line for …, how many B (G) remain

25 - x = ?

in that line?
•

If xB (G) joined the line, how many … would there be
in total?

25 + x = ?

140
•

If xB and yG left the line … and then other B (G)
joined the line, how many B (G) would be in that line?

5

Multiplying or Dividing the Total BG by a Number: Time, Money, or Number of Items
Examples:
•

If x times the number of BG joined the line, how many

BG * x

BG would be in that line?
•

If it takes x minutes for each person to order a pizza,

BG * x minutes

how long would it take for all B (G) to order?
•

If each person has $x, how much money do the people

BG * $x

have in total?
•

If there are x packages for each person, how many

BG * x items

packages are there in total?
•

How many cookies do you need to give each child x

BG * x cookies

cookies?
•

How would you divide x pencils evenly between all of
the children?

x items ÷ BG
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6

Giving Numerical Data about B and/or G and Requesting the Total or the Difference
Examples:
•

If the average height of G is x ft and the average height

x − y =?

of G is y ft, what is the difference between the
averages?
Table 2.3 Number Patterns
7

Giving Information about Patterns of BG in a Line
Examples:
•

If the BG are standing in a line following the pattern
boy, girl, boy, girl, and so on, who would be the last
person—a boy or a girl?

•

How many BG who do not follow that sequence are
left?
Table 2.4 Algebra

8

Solving for Unknown Numbers
Examples:
•

If there are xB and 10G standing in a line and their

xB + 10G = 25

total is 25, how many B are there?
•

If there are xG and 15B standing in a line and their
total is 25, how many G are there?

xG + 15B = 25
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Table 2.5 Percentages
9

Calculating the Percentages of B and G
Examples:
•

B ÷ 25 * 100 =

What is the percentage of B(G) in the line?

G ÷ 25 * 100
10

Calculating a Percentage from Features of BG
Examples:
•

•

If xB have black hair, y have blond hair, and z have

x ÷ 15 * 100 =

brown hair, what is the percentage of B who have

3 ÷ 15 * 100 = 20

blond hair?

%

What percentage of the line do presidents or adults
comprise?

11

? ÷ 25 * 100 =

Finding the Number of B (G) From a Given Percentage
Examples:
•

remain in the line?
•

x% * 15 ÷

If x% of B (G) leave (join) the line, how many B (G)
100 =

After a percentage of B leave and a percentage of G
join the line, how many B (G) are in the line?
Table 2.6 Ratios

12

Calculating the Ratio of B to G or G to B
Examples:
15 : 10
•

What is the ratio of B to G (G to B)?

10 : 15
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Table 2.7 Sets
13

Dividing BG into Groups
Examples:
•

How many groups of B and (or) G can you make?

•

If you want to divide BG into different teams such that
each boy will be with a girl as a team, how many teams
would there be? How many B would not have a
partner?

•

•

If you divide BG into groups, how many possible

5 groups (3 boys: 2

groups would there be?

girls)

How could you divide BG into 5 groups without

5 groups in the

leaving any boy or girl out?

ratio of 3 boys to 2
girls

Table 2.8 Probability
14

Calculating the Probability of B (G)
Examples:
•

•

If you were to close your eyes and point to BG, what is

B ÷ 25 = 0.6

the probability that you would point to a boy (a girl)?

G ÷ 25 = 0.4

What is the probability that the first person in the line is
a boy (a girl)?
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15

Finding a Probability from the Features of B and G
Examples:
•

If x B wear red, y B wear blue, z G wear yellow, and k
G wear green, what is the probability that a girl is
wearing green?
Table 2.9 Statistics

16

Calculating the Total, Mean, Median, Mode, and Range
Examples:
•

If the total bill for all BG in the line equaled $x, and
each person gave a $y a tip, what is the total that was
paid? How much is the average amount per person?

•

What is the mean (median, range) heights of the group
if …?

•

How many more G liked blue than did B?
Red

Blue Green

Total

15B

5

3

7

15

10G

3

5

2

10

Total

8

8

9

25
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Table 2.10 Measurement
17

Calculating Lengths
Examples:
•

How long would the line be if each person takes up x
square unit of space?

•

If each person in that line is x inches taller than the one
before him or her, and the first person is y inches tall,
how tall is the last person in that line?
Table 2.11 Geometry

18

Plane Geometry
•

If it takes x people to make a square, how many
squares can 15 B and 10 G make?

•

If it takes 1 B and 2 G to make a triangle, how many
triangles can 15 B and 10 G make?

Table 2.12 Graphs
19

Graphs

information in this situation.
•

What type of graph is used?

15
10

There are x B and y G standing in a line. Graph the

0 5

•

20

Examples:

B

G
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Table 2.13 Fractions
20

Formulating fractions
Examples:
•

What fraction of the total number of people do B (G)
represent?
Table 2.14 Equations

21

Writing Equations
Examples:
•

Imagine that x boys leave, y girls arrive, and z boys
arrive. Write an equation to show this situation.
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Table 3
Reference Table for Scoring Students’ Responses on Situation 2 (a Number Pyramid)
Table 3.1 Numbers
1

Comparing Numbers
Examples:
•

What is the difference between the largest number
and the smallest number?

•

Which is the highest (lowest) number of the
Pyramid?

2

Even and Odd Numbers
Examples:
•

3

If all the numbers are odd, what comes after 9?

Prime Numbers
Examples:
•

4

Which of the numbers are rational?

Finding the Missing Number
Examples:
•

What number comes after 9?

•

Fill the number in the blank.

•

The missing number is 8. True or false?

•

Tommy thinks that the missing number is x. What
do you think? Explain.
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•

What would the missing number be if you added x
each time instead of 2?
Table 3.2 Number Lines

5

Number Lines
Example:
•

Place these numbers on a number line.
Table 3.3 Operations

6

Applying Different Operations to the Pyramid Numbers
Examples:
•

What is the total of all the numbers?

•

What is the total of all the numbers on the right (left)
side?

•

Find the total of the first x numbers.

•

Add x to every number and then find the total.
How many numbers are in the pyramid?
Table 3.4 Patterns

7

Identifying Patterns
Examples:
•

What are the patterns?

•

Find one pattern.

•

How many patterns are there?
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•

Sara thinks the pattern is to start at the top and add x
at each step-down. Do you agree? Why or why not?

8

Changing the Pattern in the Pyramid
Examples:
•

In this pattern, they added 2 every time. If they
added x, what would the pattern be?

•

What would the pattern be using the opposite
(negative) numbers of the current numbers?

9

The Pattern on the Left Side
Examples:
•

On the left side, what is the pattern in {1, 3, 7, 13,
21}?

•

What rule is being applied to the left side of the
pyramid?

10

Omitted Numbers in the Pyramid
Examples:
•

How many numbers were omitted between each pair

{2, 4, 6, 8, …}

of numbers?
?
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Table 3.5 Equations
11

Writing Equations
Examples:
•

Deduce an equation that will help you calculate the

2x + 1 = y

missing number.
•

Write an expression to show how you could find any
number in the Pyramid.
Table 3.6 Functions

12

Functions
Examples:
•

If you replace x with each number from the pattern,
do you obtain a different y using the function
2x + 4 = y?

•

By using the function x + 2 = y, what are the values
of y if you replace x with each number from the
pattern?
Table 3.7 Ratios

13

The Ratio of two numbers
Examples:
•

Write two equivalent ratios using numbers from the
pattern?

•

3 : 5 and 9 : 15
25 : 15 and 5 : 3

What two numbers give you an equivalent ratio to
the ratio 3 : 5 ?

?
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Table 3.8 Probability
14

Calculating Probability
Examples:
•

What is the probability that, from these numbers, 5 is
randomly chosen x times in a row?

•

What is the probability that you would choose the
number 17?
Table 3.9 Statistics

15

The Total, Mean, Median, Mode, and Range
•

What is the total (mean, median, mode, range) of the
numbers?

•

What is the mean absolute deviation of the numbers?

•

What is the total (mean, median, mode, range) of the
omitted numbers?
Table 3.10 Word Problems

16

Word Problems Using the Number Pyramid
Examples:
•

If these numbers represent cups (books) on a store's
shelves, how many cups (books) are on shelf number
3?

•

If there are 21 cows, 23 lambs, 25 horses, 27 ducks,
and 29 farmers, what is the mean?

?
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Table 3.11 Percentages
17

Calculating a Percentage
Examples:
•

What percentage of numbers are in the first 3 rows
of this pyramid?
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Table 4
Reference Table for Scoring Students’ Responses on Situation 3 (Graphs and Lines)
Table 4.1 Measurement
1

Calculating of Lengths
Examples:

2

•

How long is the bottom line of dots?

•

What is the length of the side of the square?

•

How many centimeters are there between dots?

1 cm

Changing the Unit
Examples:
•

How many millimeters on one side of the
square?

1 cm

Table 4.2 The Properties of Shapes: Angles, Lines, Symmetry, etc.
3

The Types of Angles
Examples:
•

How many of the shapes have a right (acute)
angle?

•

How many angles are there?

•

What type of angles are these?
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4

The Degree of Angle
•

What is the degree of the missing angle?
45

90

5

Horizontal Lines, Vertical Lines, and Diagonal Lines
Examples:
•

How many vertical and how many horizontal
lines can you make with these 16 dots?
Horizontal line
Vertical line

6

Perpendicular, Intersecting, and Parallel Lines
Examples:
•

What types of lines do you see?

•

Can you create any parallel lines?

?
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7

Line Symmetry
Examples:
•

How many lines of symmetry does this shape
have? ____ lines.

8

Classifying Shapes by Their Properties
Examples:
•

What are the properties of the shapes?

•

How many of these shapes are quadrilaterals or
polygons?

9

Similar Shapes (the Scale Factor)
Examples:
•

Is there a scale factor that relates to the 2
triangles? If so, what is the scale?
Table 4.3 Plane Geometry

10

Drawing Shapes
Examples:
•

If I were to draw the triangle that is shown, how
many dots would be used to make the sides?

•

How many dots would it take to create a
triangle (triangle, hexagon, pentagon, star)?
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•

How do you create a right triangle using 16
dots?

11

Identifying the Shapes Drawn on 16 Dots
Examples:

12

•

What shape is this?

•

What shape do these connected lines make?

Identifying Shapes by Connecting Dots
Examples:
•

If you start at the top right corner, go 2 dots
down vertically, next move 2 dots to the left,
then go 2 dots up vertically, and finally move 2
B

dots to the right, what shape do you make?
•

What shape is created if you connect the dots A,
B, and C?

•

Make a shape by connecting the two lines along
the dots.

A

C
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13

Determining the Number of Shapes That Can Fit on 16 Dots
Examples:
•

How many geometric shapes (polygons,
quadrilaterals) can you make with the dots?

•

How many triangles (squares) can you make?

•

If you connect all the dots to make triangles,
how many triangles would there be?

14

Determining the Number of Shapes in Specific Conditions
Examples:
•

How many squares would you have if you used
4 dots every time?

•

Draw as many squares as you can that do not
share a side. How many squares would you
have?

15

Composite Shapes
Examples:
•

How many shapes are there?

•

If I shaded 9 triangles, how many squares did I
shade?
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16

Geometric Patterns
Examples:
•

How many patterns can you make with 16 dots?
You must use all the dots.

•

17

How many patterns are there in total?

Apply the Pythagorean Theorem
Examples:
•

What is the length of the hypotenuse side?

•

What is the length of the side with the unknown
value?

•

?
3 cm

What is the value of C? Use the equation.
C
?

a2 + b2 = c2 ?

3 cm

Table 4.4 The Area of Shapes
18

3 cm

The Area of Shapes
Examples:
•

What is the area of a square if one side is x cm?

•

If each dot is x vertical and horizontal
centimeter from the next one, what would the
area of this shape be?

3 cm
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•

What is the area of the triangle?

A

B

•
19

What is the area of shape A and shape B?

The Area of Shapes in Different Units: Feet and Inches
Example:
•

What is the area of the square in inches?
Explain your answer.
1 cm

20

The Area of Compound Figures
Examples:
•

What is the area of the shaded shapes?

•

What is the area of the composite shape?

•

Add the areas of all 4 triangles together to
calculate the total area.
Table 4.5 The Perimeter of Shapes

21

The Perimeter of Shapes
Examples:
•

What is the perimeter of a shape?

•

What is the perimeter of the triangle?
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22

The Perimeter of Shapes in Different Units: Feet and Inches
Examples:
•

What is the perimeter of the shape in feet

2 inches

(inches)?
1 foot

Table 4.6 The Cube
23

The Volume of a Cube
Examples:
•

What is the volume of a cube if the volume of a
cube is equal to
𝑣=𝑎

24

!

a

?

a

a

The Surface Area of a Cube
Examples:
•

What equation can you use to solve for the
surface area if the square is a 3D-cube?

a
a

a

Table 4.7 Coordinates
Plotting Given Points
Examples:
…
3

Graph (-3, 1) and (3, -1).?

2

•

y

x

1

25

1

2

3 …
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26

Identifying the Coordinates of Points and Lines
Examples:
What are the coordinates of A, B, and C?

C

C
…

•

2

3

B

1

A

school

What coordinates does the line go through:

1

2

3 …

(_, _), (_, _), (_, _), and (_, _)?
27

1

2

3

•

home

…

1

2

are the coordinates of the school?

3 …

…

If you want to get to school from home, what

2

3

•

1

1

2

3 …

Locating Points by their Coordinates
Examples:
•

D

28

Identifying Coordinates That Create a Shape
Examples:
•

At what coordinates are the dots that make the
shape?

•

What plot points could create a star?

A

C

What letter is at (1, -1)?

B
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29

Identifying a Shape by Plotting Its Coordinates
Examples:
B

•

What shape results if you connect A, B, and C?

•

Identify the shape by connecting the given

C

A

3

What shapes do you get if you connect the

2

•

…

points on the graph?

1

points (1,0), (1,1), (0,1), and (0,0)?

1

2

3 …

Table 4.8 Graphs
Identifying the Type of Graph

30
10 20

M

T

Day

3

….

S

2

What type of plot is shown here?

1

•

Sales

Examples:

GR L

0 $100 $150 $200
Robbers

30

C

USA

UK Japan
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31

Interpreting the Data of a Line Graph

32

sold in 3 days. On which day did they sell the

30

The line graph shows the number of Roombas

least?

10 20

•

Sales

Examples:

1

2

3

Day

Interpreting the Data of a Bar Graph or a Histograms
Examples:
•

The bar graph shows the favorite colors of 6
students. Which is the most favorable color?

blue green pink
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33

Interpreting Data of Dot Plots
Examples:
•

How many families own a Husky?
GR: Golden Retriever, L: Labradoodle, C:
GR L

Chihuahua, H: Husky
34

C

H

Applying data from Graphs
Examples:
What percentage of the total sales occurred on days 2 and

What is the total (mean) of … ?

•

If you add … together and then divide by x, how many

10 20

•

….. would there be?
•

40

Sales

4?

30

•

1

2

3

Day

#

What is $ of the total ……?
Table 4.9 Using Linear Equations

Calculate the slope of the line.

3

•

2

Examples:

…

Calculating the Slope

1

35

1

2

3 …
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Table 4.10 Fractions
36

Formulating Fractions
•

What fraction of this shape is shaded?

Table 4.11 Percentages
37

Percentages of Shapes
•

What percentage of this shape is shaded?

•

What percentage of the non-shaded square does the
shaded square occupy?
Table 4.12 Operations

38

Applying Math Operations on the Number of Dots
Examples:
•

How many dots are there?

•

If you add the number of dots together and then divide by
x, how many dots would there be?

•

If you divide the dots in half, how many halves would
there be?

•

If x dots count as 1, how many dots would there be in
total?

•

If you had x dots and then added two times as many dots,
how many dots would you have?
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#

•

What is $ of the total number of dots?

•

How many dots would there be if you doubled the
number of dots?
Table 4.13 Word Problems

39

Word Problems
Examples:
•

There are x classrooms (rooms) that each contains 16
students (people). How many students are there in total?

•

A total of x workers work at y Walmart stores. How
many people work at each Walmart store if they are

•

•

•

divided evenly among the stores?

Students use these

How many houses are there in this neighborhood if there

dots to represent

is one house per block?

different objects in

If each dot represents $x, how much money is there in

their word

total?

problems (students,

Each dot is a muffin that costs $x, and the tax is $y per

workers, muffins,

muffin. Half are chocolate, and half are raisin. If a

money, time, etc.)

customer ordered z muffins, how much would they cost,
including the tax?
•

If each dot represents $x that Emay would receive, how
much would she receive in total?

•

If each dot corresponds to x minutes that remain in the

167
day, how many hours remain in the day?
Table 4.14 Functions
Writing Functions

3

Write a piecewise function for the graph at the left.

2

•

1

40

-1

0

1

2

3
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Table 5
Reference Table for Scoring Students’ Responses on Situation 4 (Salaries)
Table 5.1 Numbers
1

Matching Salaries to the Jobs of the C, E, M, or U’s
Examples:
•

Blake wants to work at a job where he earns at least
$12,000, so which position would be suitable for him?

•

2

What is the job that makes $x?

Comparing Employees’ Salaries
Examples:
•

Who makes the most (least)?

•

How much more (less) money does an M make than
an E (C)?

•

Two employees (Es) combine their salaries; does their
total make more than an M makes?

•

If a C works x years and an E works for y years, who
will make more money?

•

How much more money does a C earn than an E?

•

If a C is paid $x as his salary, how much more (less)
does he receive than an M?
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Table 5.2 Operations
3

Adding and Subtracting Employees’ Salaries
Examples:
•

How much money do all the workers get paid in total?

•

How much money do a C and a U make in total?

•

If a C gives an U all his salary, and an E gives a C all
his salary, how much do they have in total now?

•

If a M gives an U $x from his monthly salary, how
much does an U have now?

•

What is the difference between the salaries of a C and
an U?

4

Adding to, Subtracting from, Multiplying, or Dividing Employees’ Salaries
Examples:
•

If a C’s salary was multiplied by the power of x, how
much does a C have now?

•

If an E (C, M, U) salary doubles, how much has an E’s
salary increased?

•

If there are x employees, how much would their total
salary be?

•

If there are x unskilled workers and y of them are
fired, how much money does a C keep?
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•

If the owner of the company makes x times the
amount of an E’s salary, how much does the owner
make?

•

If a C distributed his salary evenly among an E, an M,
and a U, how much would everyone have now?

5

The Total Salary within a Specific Period: Years, Months, or Days
Examples:
•

How much money does a C (M, E, U) receive for x
days (months, years)?

•

How much money do they all receive in total monthly
(yearly)?

•

How much money does the company pay all
employees monthly (yearly)?

•

An E is promoted to an M. How much will they earn if
they work for x years as an M?

6

Changing the Values of the Squares
Examples:
•

If the square's value changes from $1,000 to $x, what
would the salary of a C (E, M, U) be?

•

If the square equals $x, how much is a C’s (E’s, M’s,
U’s) salary?
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7

Making a Mathematical Comparison Between Employees’ Salaries
Examples:
•

There are x employees. A U makes $2,000, and an E
makes twice as much. An M makes $12,000, and a C
makes $3,000 more. How much more do a C and an E
make together?

•

Zack thinks that a C makes 25% more money than an
M. Do you agree or disagree with him? Explain your
thinking.

8

25% = $3,000

Using a Combination of Math Operations
Example:
•

If for every $x of an E’s salary, a C (M, U) receives an
extra $y, what would everyone's salary be?
Table 5.3 Fractions

9

Using Fractions
Examples:
•

#

If a U (M, E) receives $ of a C’s salary, how much
does a U earn now?

•

How much salary would an E (C, M, U) have if it is
decreased by

#
$

?
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Table 5.4 Ratios
10

Calculating Ratios between Salaries
Examples:
•

What is the ratio of a C’s (E’s, U’s) salary to an M’s
salary?

•

What is the unit ratio of an E’s (C’s, M’s) salary to a
U’s salary?
Table 5.5 Percentages

11

Changing Salaries by a Percentage
Examples:
•

If a C’s salary drops (rises) by x% each year, how
much does a C earn now?

•

If a C gives an x% raise to a M, how much money
would a M earn?

•

If a C receives a promotion and his salary rises by x%,
what will his salary be?
Table 5.6 Graphs

12

Charting on a Graph
Examples:
•

If a C, a M, an E, and an U’s Salaries were charted
on a graph, what would the graph look like?
Table 5.7 Statistics

13

The Total, Mean, Median, Mode, and Range
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Examples:
•

What is the total (mean, median, mode, range) of the
salaries?

•

What is the mean (median, mode, range) of the
salaries if they are all multiplied by x?
Table 5.8 Word Problems

14

Using Information in Word Problems
Examples:
•

A C is a single person, and a M is married to an E.
With their combined salaries, do a M and an E make
more money than a C?

•

If the couple had $x in savings, and a M divorced an E
and received x% of their savings. How much does the
M receive?

•

An E (C, M, U) is paid $__ each month. This month
they receives a raise of $__, has an electricity bill
amounting to $__, issued for $__, wins $__, and pays
$__ in rent. How much money do they have left at the
end of this month?
Table 5.9 Patterns

15

Number Patterns
•

How many patterns are there?
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Table 6
Reference Table for Scoring Students’ Responses on Situation 5 (Schedules and Timelines)
Table 6.1 Time Units
1

Calculating the Time Spent on Activities
Examples:
•

If she goes to bed at 9:25 p.m., at what time does she go

9:25 + 9 hr = ?

to school?
2

Converting Time from Hours to Minutes or Seconds
Examples:
•

How many minutes (seconds) does she spend doing A1
(A2, A3, A4, HW)?
Table 6.2 Numbers

3

Comparing the Durations of Activities
Examples:
•

What is the longest number of hours, and what is the
shortest number of hours?

•

What is the difference in hours between the longest and
shortest activity?

•

What activity does she spend the most (the least) hours
on …?
Table 6.3 Operations

4

The Total Time or the Difference in Times Spent on Activities
Examples:
•

How much time does Olivia spend doing her HW?

Addition
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•

How long does she spend on A1 (A2, A3, A4)?

•

If you combine the hours Olivia spent on A1, A2, and
A3, how many hours did she spend in total?

•

If she needed x more hours to do HW and took that
from her sleeping time, how much time would she
spend on each of these activities?

•

How much more time does she spend on A1 than on
Subtraction

A2?
•

What is the difference between the time spent on A1
and the time spent on A2?

•

How many hours does she spend in total doing all
activities except sleeping?

•

If she spent x hours less on A1 and spent them instead

Subtraction and

on A2, how much time would she spend on each of

Addition

these activities?
5

The Total Time of Activities at Home, for Leisure, for Academics, etc.
Examples:
•

How much time does she spend at home?

•

If she has x hours at school and y hours HW, how much
time does she have for herself?
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•

How much time does she spend doing academic
activities?

6

The Total Time for Activities During a Specific Period: a Week, a Month, etc.
Examples:
•

For how many hours is Olivia in school during a week
(month)?

•
7

What does Olivia spend half of the day doing?

Dividing and Multiplying the Time Spent on Activities
Examples:
•

If Olivia does not have any HW and divides this time
equally between A1 and A2, how long would she spend
on A1?

•

If her time for A2 is cut in half, how could you divide
the remaining time among her other activities? Give 2
examples.

•

If Olivia does not have school or HW, how can she
divide the time equally between A1 and A2?

•

If she raises the time spent on A1 to the power of x,
how much does that equal?

•

If she spends twice as long on A1 and x more minutes
on A2 than she did on A1, how much time remains for
her to spend on other activities?
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8

Manipulating the Activity Time
Examples:
•

If she spends x hours on A1, y hours on A2, z hours on
A3, and e hours on A4, how much time does she spend
on HW?

•

If she did every activity for the same amount of time,
how much time would she spend on each activity?
Table 6.4 Fractions

9

Applying Fractions to Activity Times
Examples:
•

During what fraction of her day does Olivia do HW?

•

If she omits A1 and spends 1/x of that activity's time on
A2, how much time in total does she spend on A2?

Table 6.5 Ratio
10

Comparing Activity Times
Examples:
•

What is the ratio of thinking time to school time?

Table 6.6 Percentages
11

The Percentage of Time Spent on Activities
Examples:
•

What percentage of time does she spend on A3?
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•

What percentage of time does she spend on A1 and A2
in total?
Table 6.7 Statistics

12

The Total, Mean, Median, Mode, and Range
Examples:
•

What is the mean time that Olivia spends on each
activity?

•

What is the total (mean, median, mode, range) of all 5
activities in the pie chart?
Table 6.8 Adding or Replacing Activities

13

Adding New Activities
Examples:
•

If Olivia were to add getting ready for school to her pie
getting ready for school
chart, what could she change so that she could spend x
h getting ready?

•

If she takes x hours for a sport from her sleeping time,
how many hours of sleep would she get?

•

sports

If she has to stay x hours after school for tutoring, what
might her new daily schedule look like?

tutoring
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14

Replacing an Activity with a New One
Examples:
•

If she has a soccer tournament on Saturday that requires
3 hr of her time, what piece of the pie chart could the
soccer tournament replace? Would she have time for it?
Table 6.9 Algebra

15

Unknown Numbers
•

If she used her time at school as 2 hours for playing
soccer and x time for shopping, calculate x.
6=2+x
x=6–2
Table 6.10 Graphs

16

The Type of Graph
• • What type of graph is used?
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Appendix I. School/Principal Permission
University of Arkansas
School/Principal Permission for Classroom to Participate in a Research Study
“Students’ Mathematical Creative and Problem Posing Ability”

You are being asked to give permission for one or more of your school’s math classrooms to
participate in a research study. Before giving permission for your teachers to participate, please
read the following information carefully. Additionally, please feel free to reach out with any
questions to ensure that you understand what your students are being asked to do.
Investigators
My name is Aishah Alzahrani. I am a doctoral candidate in the Curriculum and Instruction Math
Education program at the University of Arkansas. My advisor is Dr. Jason Endacott.
Purpose of the Research
The purpose of this study is to investigate students’ mathematical creativity when writing
problems. The study will describe the similarities and differences between middle school
students, regarding their creative thinking abilities when writing problems.
Procedures
If you allow your students to participate in this study, they will be asked to write as many
problems as possible from different math situations. The students’ responses will be analyzed
based on a set of guidelines to determine their creative thinking abilities on posing problems. The
participation of your students will take approximately 45 minutes. This study will NOT include
any kind of video or audio recording.
Your students will be asked to consent to participate in this research. They can refuse to
participate without penalty or can stop participation at any time just by telling the investigator
that they want to stop.
Potential Risks or Discomforts
There are minimal to no risks involved in the study. While the students might experience mild
discomfort at being tested while working on the math situations, this feeling usually subsides as
the student continues working on the questions.
Potential Benefits of the Research
Potential benefits to participating in this research include having an opportunity to examine
students’ mathematical creativity after getting the results of this test later.
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Participants will also receive pizza and snacks if given permission by their parents.
Confidentiality and Data Storage
Your students’ information will be kept confidential to the extent allowed by law and University
of Arkansas policy. To ensure confidentiality, a code will be established by randomly assigning a
number to each participant and each classroom. All information for data analysis will be
recorded using this code. The code, as well as all data collected during the study, will be stored
in a secure place and will be accessible only to the researcher. The students will not be
personally identified in any publications or reports resulting from this research. The students’
answers will be analyzed and eventually destroyed. The code will be destroyed at the conclusion
of the study.
Participation and Withdrawal
Participation in this research study is voluntary. You may refuse to allow your students to
participate without penalty. If you decide to allow your students to participate, you are free to
stop their participation without penalty by just telling the investigator.
You cannot withdraw from the study after data collection has been completed since your name is
not linked to the data.
Questions about the Research
If you have any questions about the research, feel free to ask. You may contact Aishah Alzahrani
atXXX or Dr. Jason Endacott at XXX.
This research project has been reviewed and approved by the Institutional Review Board for the
Protection of Human Subjects at the University of Arkansas. If you have any questions or
concerns about your child’s rights as a research subject, you may contact the University
compliance coordinator at 479-575-2208.

Principal Permission:
I have read the information provided above. I agree to let my school participate in this
research study. I also understand my students’ consent to participate in this study will be
sought. Please return one copy of this consent form and keep one copy for your records.
____________________________________________
Signature of Principal or School Representative

_______________
Date

_____________________________________________
Signature of Investigator

_______________
Date
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Appendix J. Parent Permission
University of Arkansas
Parent or Legal Guardian Permission for Student to Participate in a Research Study
“Students’ Mathematical Creative and Problem Posing Ability, a Comparison Study between
Middle School Students from US and the Kingdom of Saudi Arabia”
You are being asked to give permission for your child to participate in a research study. Before
giving permission for your child to participate, please read the following information carefully.
Additionally, please feel free to reach out with any questions to ensure that you understand what
your child is being asked to do.
Investigators
My name is Aishah Alzahrani. I am a doctoral candidate in the Curriculum and Instruction Math
Education program at the University of Arkansas. My advisor is Dr. Jason L. Endacott.
Purpose of the Research
The purpose of this study is to investigate your child’s mathematical creativity when writing
problems. The study will describe the similarities and differences in middle school students from
the US and the Kingdom of Saudi Arabia, regarding their creative thinking abilities when writing
problems.
Procedures
If you allow your child to participate in this study, he/she will be asked to write as many
problems as possible from different math situations to determine his/ her mathematical creative
thinking ability when asked to create an original problem. Your child’s participation will take
approximately forty- five minutes. This study will NOT include any kind of record, video and/or
audio.
Your child will be asked to consent to participate in this research. He/she can refuse to
participate without penalty or can stop participation at any time just by telling the investigator
that he/she wants to stop.
Potential Risks or Discomforts
There are minimal to no risks involved in the study. While the students might experience mild
discomfort at being tested while working on the math situations, this feeling usually subsides as
the student continues working on the questions.
Potential Benefits of the Research
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Potential benefits to participating in this research include having an opportunity to examine
students’ mathematical creativity after getting the results of this test later. Also, participant will
receive pizza and snacks if given permission.
Confidentiality and Data Storage
Your child’s name will only be collected on this permission form and will not be connected to
his/her data in any way. In addition, your child’s teacher and school district will be kept
confidential to the extent allowed by law and University policy. To ensure confidentiality, a code
will be established by randomly assigning a number to each participant and each classroom. All
information for data analysis will be recorded using this code. The code, as well as all data
collected during the study, will be stored in a secure place and will be accessible only to the
researcher. The students will not be personally identified in any publications or reports resulting
from this research. The students’ answers will be analyzed and eventually destroyed. The code
will be destroyed at the conclusion of the study.
Participation and Withdrawal
Participation in this research study is voluntary. You may refuse to allow your child to
participate without penalty. If you decide to allow your child to participate, you are free to stop
his/ her participation without penalty by just telling the investigator.
You cannot withdraw from the study after data collection has been completed since your child’s
name is not linked to the data.
Questions about the Research
If you have any questions about the research, feel free to ask. You may contact Aishah
Alzahrani at XXX or my advisor Dr. Jason L. Endacott at XXX.
This research project has been reviewed and approved by the Institutional Review Board for the
Protection of Human Subjects at The University Arkansas. If you have any questions or
concerns about your child’s rights as a research subject, you may contact the University’s
Compliance Coordinator at 479-575-2208.
Student’s Permission:
I have discussed this study with my parent and guardian and agree to participate in the
study.
____________________________________________
Signature of Participant
Parent or Legal Guardian Permission:
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I have read the information provided above. I agree to let my child participate in this
research study. I also understand my child’s consent to participate in this study will be
sought. Please return one copy of this consent form and keep one copy for your records.
________________________________________
Name of Student (please print)
____________________________________________
Signature of Parent/Legal Guardian
_____________________________________________
Signature of Investigator

_______________
Date
_______________
Date

